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ABSTRACT 


During  the  summers  of  I969-7I  55^  ground  squirrels 

belonging  to  six  species  (115  Spermophi lus  col umb i anus , 

A  6  S_ .  f  r  a  n  k  1  i  n  i  i  ,  1  3  S_ .  lateral  is  ,  32  7  S_ .  ri  chardson  i  i  , 

20  S.  tri  deceml  i  neatus  ,  and  33  S_.  undul  atus)  were  sampled 
for  trypanosomes.  Natural  infections  were  recorded  in  all 
but  S .  lateral i s . 

In  1969  and  1970  the  prevalences  of  infection  were 
approximately  equal  within,  but  varied  between,  each 
species  of  ground  squirrel.  In  1971  the  prevalences  of 
infection  increased  for  all  host  species  sampled. 
Trypanosomiasis  was  detected  in  twice  as  many  ground 
squirrels  when  the  hematocrit  centrifuge  technique  was 
used  for  diagnosis  instead  of  stained  thin  blood  films. 

In  S.  ri chardsoni i  the  prevalences  of  infection 
varied  from  month  to  month  but  showed  the  same  trends  in 
both  1969  and  1970.  Prevalence  was  lowest  in  May  and 
highest  in  June.  It  is  suggested  that  susceptible  juven¬ 
iles  accounted  for  the  high  prevalence  in  June. 

Natural  transmission  of  trypanosomes  has  not  been 
demonstrated,  but  on  the  basis  of  ectoparasite  surveys 
and  the  work  of  other  authors  it  seems  likely  that  fleas 
are  biological  vectors  both  within  and  between  species  of 
ground  squirrels. 

The  trypanosome  strains  from  S_.  co  1  umb  i  an  us  ,  S^. 

i 


richardsoni  i  and  S_.  tri  decern)  ineatus  were  experimentally 


transmitted  to  5  /  6  ,  6/6  and  2  /  h  of  the  six  host  species, 
respectively.  The  strain  from  S^.  frank!  ini  i  did  not 
produce  infections  when  experimentally  inoculated  into 
the  other  host  species. 

Intensities  and  durations  of  experimental  infections 
were  variable  and  depended  upon  the  trypanosome  strain, 
host  species  and  individual.  Infections  were  non-patho¬ 
gen  i  c  . 

Previously  infected  ground  squirrels  could  not  be 
reinfected  with  the  same  or  a  different  trypanosome 
strain  and  immunity  appeared  to  be  lifelong. 

Size  comparisons  among  and  within  trypanosome  strains 
from  naturally  and  experimentally  infected  ground  squirrels 
revealed  that  the  strains  from  S_.  f  r  a  n  k  1  ini  i  and  S_. 
trideceml ineatus  were  similar  to  one  another  but  different 
from  the  other  three  trypanosome  strains. 

It  is  suggested  that  there  is  only  one  species  of 
trypanosome,  T  rypanosoma  otospermoph i  1  i  ,  present  in  ground 
squirrels  of  the  genus  Spe  rmoph i  1 u  s  in  North  America 
and  that  differences  in  size  and  types  of  infection  are 
due  to  host  induced  variations.  T_.  spe  rmoph  i  1  i  (present 
in  Eurasian  Spe  rmoph  ?  1  us  spp.)  might  be  synonymous  with 


T .  otospermoph i  1  i  . 
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INTRODUCTION 


Protozoans  of  the  family  T ry panosoma t i dae  con¬ 
stitute  one  of  the  most  natural  groups  among  the 
flagellates,  (Superclass:  Ma s t i gopho rea )  since  the 
structure  and  life  cycles  of  the  member  genera  show  a 
gradation  linking  them  to  one  another  (Hoare,  1566). 
Classification  of  the  family  (and  species  of  mammalian 
trypanosomes  in  particular)  is  as  follows  and  has  been 
adapted  from  Hoare  (  1  9  6  ^4  ,  1566  ,  and  1567). 

Phylum:  Protozoa  Goldfuss,  1 8 1 8 ;  emend.  Siebold,  1845 
Class:  Zooma s t i gopho rea  Calkins,  1505 
Order:  K i n e t o p 1  a s t i d a  Honigberg,  1563 
Family:  T r y pa  no s oma t i d a e  Doflein,  1501;  emend. 

G  robben ,  1505 

Genus:  T  rypanos  oma  Gruby,  1843 

A.  Section:  Stercoraria 

Subgenus:  Hegatrypanum  Hoare,  1564 
Subgenus:  Herpetosoma  Doflein,  1501 
Subgenus:  Schizotrypanum  Chagas,  1505;  emend. 

N  o 1  1 e  r ,  15  31 

B.  Section:  Salivaria 

Subgenus:  Put  tone  1  la  Chalmers,  1518 
Subgenus  :  Nan  nomona  s  Hoare,  1564 
Subgenus:  Pycnomonas  Hoare,  1564 
Subgenus:  T  rypanosoma  Gruby,  1843 


Subgenus  :  T  r  y  pa nozoon  L u h  e  ,  15  0  6 
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Genus:  Endot  rypanum  Mesnil  and  Brimont,  1908 
Genus:  Le i s  hma  n i a  Ross,  1903 
Genus:  Leptomonas  Kent,  1 880 
Genus:  Herpetomonas  Kent,  1 8  8  0 

Genus:  Blastocri thidi a  (  =  C  r  i  t  h  i  d  i  a  pro  parte) 

Laird,  1959 

Genus  :  C  r i t  h  i  d  i  a  (  =  $t  r i gomonas)  L£ger,  1902 
Genus:  Phytomonas  Donovan,  1909 

Of  the  genera  listed,  four  ( Leptomona  s ,  Herpetomonas , 
Blastocri thidia,  and  C  r i t  h  i  d  i  a )  are  monogenetic  intestinal 
parasites  of  invertebrates  (especially  arthropods),  while 
the  other  four  are  digenetic  parasites.  The  life  cycle  of 
the  latter  alternates  between  two  hosts;  an  invertebrate 
which  acts  as  an  intermediate  host  or  vector,  and  a 
vertebrate  or  plant  in  which  the  parasites  inhabit  the 
blood  and/or  tissues  (Leishmania,  Endot rypanum,  and  T  ry  pa  n 
o  soma )  or  the  sap  ( Phytomonas)  ,  respectively  (Hoare  ,  19  6  7) 

Hoare  (1986)  divides  the  genus  T  rypanosoma  into  two 
sections  depending  upon  the  site  of  development  in  the 
arthropod  vector.  In  the  Stercoraria  development  occurs 
in  the  mid-  and  hindguts  and  transmission  to  the  vertebrate 
is  contaminative  via  infected  feces  coming  into  contact 
with  wounds  or  mucous  membranes.  Development  in  the 


Salivaria  takes  place  in  the  mouthparts  and/or  salivary 
glands  of  arthropods  and  transmission  results  during  the 
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process  of  blood  feeding. 

Trypanosomes  of  ground  squirrels  (and  most  other 
rodents)  belong  to  the  subgenus  Herpetosoma  and  have  been 
recorded  from  approximately  80  to  90  different  species  of 
rodents  throughout  the  world  (Davis,  1952).  They  are  all 
very  similar  in  morphology  and  are  often  designated  as 
1 ew i s i -  1  ike  after  the  type  species,  T  ry panosoma  (Herpet¬ 
osoma)  1 ew i s i  (Kent)  Laveran  and  Mesnil.  These  trypanosomes 
cannot  be  differentiated  with  certainty  by  morphological 
differences  alone  since  there  is  great  variation  in  body 
size  even  within  a  single  host  animal  (Davis,  1952). 

Thus,  most  parasitologists  have  described  as  new  any 
trypanosome  found  in  the  blood  of  a  different  host  species. 

My  study  concerns  those  trypanosomes  found  in  the 
ground  squirrel  genus  5  pe  r moph i  1 u  s .  Trypanosomes  have 
been  named  from  eight  species  of  Spermophi 1 us--four  species 
of  ground  squirrels  in  the  U.S.S.R.  (nine  according  to 
Galuzo  and  Novinskaya,  1968)  and  four  in  North  America. 
Although  Galuzo  and  Novinskaya  (1968)  list  nine  species 
of  Russian  ground  squirrels  as  hosts  for  trypanosomes, 
many  of  their  host  species  are,  as  Ellerman  and  Morrison- 
Scott  (1951)  and  Ognev  (1963)  show,  subspecies  of  more 
generally  accepted  species.  Consequently  I  have  followed 
the  latter  authors  and  given  subspecific  status  (where 
applicable)  to  Galuzo  and  Nov  i  nskaya  1  s  "species". 


According  to  Galuzo  and  Novinskaya  (  1 96  8)  trypan¬ 
osomes  from  Russian  ground  squirrels  were  first  observed 
by  Shalashnikov  in  1888  from  S_.  pygmaeus  musicus 
Menetries  and  S_.  s  us  1  i  ca  guttatus  Pallas.  In  1910, 

Grjuner  reported  trypanosomes  from  S_ .  undulatus  evers- 
ma  n  n  1  Brandt  collected  at  Yakutia.  Laveran  (1911)  then 
gave  the  name  T  rypanosoma  s  pe  rmoph i  1  i  to  the  trypanosomes 
from  these  three  species  of  hosts.  In  1913  Tartakovsky 
described  T_.  schalaschnicovi  from  S_.  s  u  s  1  i  ca  guttatus 
obtained  near  Kherson.  Kol'tzov  (  1  9  1  ^)  recorded  try¬ 
panosomes  from  S_.  pygmaeus  mugozar  ?  cus  Lichtenstein 
and  S.  f_.  f u  1  v u s  Lichtenstein  caught  near  Ural  1  sk,  as  did 
Nikitin  (1927)  from  S_.  s_.  s  u  s  1  i  ca  Guldenstaedt  obtained 

at  Odessa.  Neither  of  these  investigators  named  the 
trypanosomes.  Bozhenko  (1927)  found  trypanosomes  in 
S_.  f_.  f u  1  v u s  ,  S_.  pygmaeus  mugozaricus  ,  S_.  pygmaeus 

musicus,  and  S_.  s_.  s  u  s  1  i  ca  trapped  in  the  area  between 

the  Urals  and  the  Volga  river.  On  the  basis  of  successful 
cross  transmission  experiments  he  regarded  all  four 
strains  as  T_.  s  pe  r  mo  p  h  i  1  i  .  Bozhenko  was  unable  to 
infect  "white  mice,  guinea  pigs,  hares,  skunks,  grey  rats, 
dogs,  cats,  and  camels."  Zasuhkin  (1936)  observed  trypan¬ 
osomes  in  S_.  f_.  f  u  1  v  u  s  ,  S_.  _p.  pygmaeus  Pallas,  and 

S.  s.  s  u  s 1  i ca  collected  from  southwest  R.  S.  F.  S.  R. 
(Russian  Soviet  Federative  Socialist  Republic). 


Later  , 
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Zasukhin  (19^5)  reported  trypanosomes  in  S_.  rufescens  from 
the  same  locality.  However,  S.  rufescens  is  probably  not 
a  valid  species  since  Zasukhin  was  the  first  (and  on  iy) 
author  to  use  this  specific  epithet  and  it  is  not  listed  in 
either  Eller man  and  Mor ri son-Scott  (1951)  or  Ognev  (1953). 
Zasukhin  assigned  all  these  trypanosomes  to  T_.  s  pe  rmoph  i  1  i 
in  accordance  with  the  view  of  Bozhenko.  Galuzo  and 
Novinskaya  (1958)  reported  trypanosomes  from  S_.  f.  fulvus, 
S_.  py  gmaeus  brevi  cauda  (  =  S_.  inter  me  dius)  Brandt,  and  S_.  p_. 
pygmaeus .  They  conducted  cross  transmission  experiments 
among  these  three  hosts  as  well  as  with  "white  mice,  guinea 
pigs,  hares,  dogs,  horses,  sheep,  goats,  large  and  small 
jerboas,  rabbits,  moles,  large  gerbils,  water  rats,  hedge¬ 
hogs  (large-eared),  field  mice,  snakes,  steppe  turtles, 
toads,  jackdaws,  doves,  domestic  geese,  ducks,  chickens, 
and  pigeons."  Only  the  ground  squirrels  became  infected. 
Galuzo  and  Novinskaya  followed  Bozhenko  and  considered 
all  three  trypanosome  strains  as  T_.  s  pe  rmoph  i  1  i  ,  even 
though  there  were  minor  morphologic  differences  among 
them. 

North  American  parasitologists  have  described  four 
species  of  trypanosomes  from  the  genus  Spe  rmoph  ?  1 u  s . 

Wellman  and  Wherry  (1910)  described  T  ry panozoon 
otos  pe  rmoph  i  1  i  from  S_.  (  =  0tospermophi  lus)  b  e  e  c  h  e  y  i 

(Richardson)  in  California.  Laveran  (1911)  assigned 


. 


. 


. 


this  trypanosome  to  the  genus  T  r y panosoma ,  a  s  T  rypan- 
osoma  otospermoph i 1 i  (Wellman  and  Wherry,  1910) 

Laveran,  1911.  Watson  and  Hadwen  (1912)  described  T. 
c  i  t  e  1  1  i  from  S_ .  richardsoni  i  (Sabine)  collected  near 
Lethbridge,  Alberta.  Becker  and  Roudabush  (193*0  des¬ 
cribed  T  .  j  owe  n  s  i  s  from  S_.  tri  decern!  ineatus  (Mitchill) 
and  T_.  h  i  xs  on  i  from  _S^  f  r  a  n  k  1  ini  i  (Sabine)  from  Iowa. 

They  undertook  limited  cross  transmission  studies 
(numbers  not  given),  but  were  unable  to  infect  S_.  t  ri¬ 
de  c  e  m  1  i neatus  with  T  .  h i xs  on i  using  the  infected  blood 
of  S.  f  r  a  n  k 1  i n i  i  .  However,  they  were  later  able  to 
infect  these  same  individuals  of  S.  t  r i deceml  ?  nea  t  us 
with  T.  i owe n sis.  These  are  the  only  known  attempts 
of  cross  transmission  of  trypanosomes  in  ground  squirrels 
in  North  Arne  r i ca . 

The  question  is  thus  raised  as  to  the  proper  name(s) 
of  the  species  of  trypanosomes  found  in  ground  squirrels. 
If  there  is  only  a  single  species  (as  Hoare,  1966  believes 
then  by  the  law  of  priority,  its  name  would  be  T_.  otospe  rm 
oph  i  1  i  .  If  there  is  one  species  in  North  America  and 
another  in  Eurasia,  the  North  American  one  would  be 
T.  o  t  o  s  p  e  r  mop  h  i  1  i  and  the  Eurasian  one  T^.  spermophi  1  i  . 
Levine  (1965)  states  that  the  four  North  American  species 
probably  belong  to  one  species  but,  in  the  absence  of 
detailed  cross  transmission  studies,  it  is  better  to 


retain  the  names  originally  assigned  to  them. 

The  life  cycles  and  vectors  of  the  trypanosomes 
in  ground  squirrels  have  not  been  determined  either  in 
the  U.S.S.R.  or  North  America.  Fleas  are  vectors  for  the 
following  related  trypanosomes:  J_.  e  vo  t  omy  s  Watson  and 
Had wen  of  bank  voles,  C 1 eth  r i onomys  g 1  a  r eo  lus  (Schreber) 
(Molyneux,  1969b)  ;  T_.  gros  i  Laveran  and  Pettit  of  long¬ 
tailed  mice,  Apodemu  s  sylvaticus  (L.)  (Molyneux,  1970); 

T_.  1  e  w  i  si  (Kent)  of  Norway  rats,  Rattus  norvegicus 

(Berkenhout)  (Minchin  and  Thomson,  1915);  T_ .  microti 
Laveran  and  Pettit  of  field  voles,  Mi c  r  o  t  u  s  a  g  r e  s  t  i  s  ( L . ) 
(Molyneux,  1969a)  ;  T_.  mu  s  c  u  1  i  (  =  d  u  1 1  on  ?  )  Kendall  of  house 
mice,  M  u  s  mu  s  c  u  1  us  (L.)  (Molyneux,  1970);  IT .  n  a  b  i  a  s  i 
Railliet  of  European  rabbits,  0  rye  to  1 agu  s  c  u  n i c  u 1 u  s  ( L . ) 
(Grewal,  1957);  T_.  neotomae  Wood  of  Portola  wood  rats, 

Neo  t  oma  f us  c  i  pes  annectens  Elliot  and  San  Diego  wood  rats, 
N_.  f_.  ma  c  r  o  t  i  s  Thomas  (Wood,  1936)  ;  and  T_.  zap?  Davis  of 

jumping  mice,  Z  a  p  u  s  p  r  i  n  ce  p  s  a  1  1  e  n  ?  Elliot  (Davis,  1952). 

In  these  examples  the  fleas  ingest  the  trypanosomes 
while  taking  a  blood  meal  from  the  host.  The  trypanosomes 
develop  in  the  flea's  alimentary  canal  (Molyneux,  1970), 
then  transform  into  metacyclic  trypanosomes  which  are 
infective  to  the  definitive  host  through  ingestion  of 
the  flea  or  its  feces,  or  by  having  crushed  infected 
fleas  or  feces  rubbed  into  mucous  membranes  or  breaks 
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in  the  skin. 

Two  main  types  of  reproduction  occur  in  the 
vertebrate  host  (Molyneux,  1970).  In  T_ .  g  ros  ?  ,  T_ .  lewis  i  , 
and  T_.  mu  s  c  u  1  i  reproduction  is  by  division  of  epimastigotes 
(terminology  according  to  Hoare  and  Wallace,  1966)  in  the 
bloodstream.  In  contrast,  division  occurs  in  the 
amastigote  stage  in  the  spleen  and  lymphoid  tissues  with 
1_.  n  a  b  i  a  s  i  ,  lung  and  heart  capillaries  with  T_.  z  a  p  i  ,  and 
lymphoid  tissue  with  T_.  evotomy  s  and  T_.  microti.  In 
species  reproducing  in  the  tissues,  the  dividing  forms 
are  very  scarce  and  difficult  to  see  (Molyneux  1969a  &  b), 
and  have  not  yet  been  found  for  the  un-named  trypanosome 
from  collared  lemmings,  Pieros  tonyx  groenlandicus 
(  =  torquatus)  (Traill)  (Quay,  1955)  or  for  T_.  n eo t oma e 
(Wood,  1936).  Molyneux  (1969a  &  b)  found  dividing  forms 
of  T_.  e  vo  t  omy  s  and  T_.  mi  c  r  o  t  i  in  smears  of  fresh  appendix 
lymphoid  tissue  but  could  not  detect  them  in  sections. 

The  major  objective  of  this  study  was  to  determine 
the  taxonomic  status  of  trypanosomes  parasitic  in  five 
species  of  ground  squirrels  of  the  genus  Spe  rmoph i  1  us 
in  North  America.  It  was  hoped  that  the  results  obtained 
would  provide  an  indication  of  the  type  of  taxonomic 
relationships  that  exist  among  trypanosomes  of  ground 
squirrels. 


TAXONOMIC  CRITERIA 


The  lack  of  sexual  reproduction  in  many  protozoans 
presents  special  problems  in  the  differentiation  of 
species.  Thus,  the  definition  of  a  species  as:  "groups 
of  actually  (or  potentially)  interbreeding  natural 
populations  which  are  reproductively  isolated  from  other 
such  groups"  (Hay r  ,  Linsley,  and  Usinger,  1953)  has  no 
application  in  a  group  such  as  the  Try panosoma t i dae . 
Flagellates  of  this  family  reproduce  by  various  asexual 
methods  (usually  some  form  of  fission).  As  a  consequence, 
parasitologists  attempting  to  separate  species  have  had 
to  rely  on  such  characters  as  morphological  dissimil¬ 
arity,  host  and/or  vector  specificity,  types  of  disease 
(if  any)  produced,  geographical  restriction  (often  a 
consequence  of  host  and/or  vector  specificity),  and 
physiological  and  immunological  differences  (Hoare  ,  1966; 

1967)  . 


Species  Criteria 

The  foremost  worker  in  trypanosome  taxonomy,  C.A. 
Hoare,  has  dealt  with  many  of  these  problems;  in  a 
review  of  trypanosome  taxonomy,  (Hoare,  1967),  he  states 
that  allied  groups  which  are  morphologically  distinct 
with  no  intergradation  of  characters  can  be  regarded 
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as  species.  However,  if  the  characters  of  one  group 
intergrade  or  are  continuous  with  those  of  another,  they 
are  regarded  as  subspecies  of  the  same  species.  With 
certain  reservations  a  similar  view  is  held  by  Sonneborn 
(1957)-  He  observes  that  (under  rare  circumstances) 
trypanosomes  can  lose  an  organelle  such  as  the  kinetoplast 
and  once  this  happens,  sublines  will  also  lack  the  organ¬ 
elle.  Thus,  if  Hoare's  morphological  species  criterion 
is  strictly  applied,  the  two  sublines  (with  and  without 
a  kinetoplast)  must  be  considered  separate  species. 

Such  a  procedure  has  been  followed  in  the  naming  of 
T  rypanosoma  e  q  u i num  Voges,  a  d y s k i n e t op  1  a s t i c  strain  of 
T.  evans i  (Steel).  However,  Sonneborn  (1957)  does  not 
agree  with  this  procedure  since  a  single  mutational  step 
"would  surely  not  be  acceptable  as  a  species  differential 
in  sexual  organisms,  and  there  is  no  good  apparent  reason 
why  this  should  be  done  in  asexual  organisms."  In  this 
particular  example  I  would  agree  with  Hoare  because  1)  loss 
of  the  kinetoplast  is  in  reality  loss  of  the  central  DNA- 
containing  mass  so  that  the  kinetoplast  is  no  longer 
stainable  (thus  d y s k  i  ne t op  1  a s t i c  rather  than  akineto- 
plastic);  2)  the  DNA  of  the  kinetoplast  is  a  necessity 
for  the  completion  of  the  life  cycle  in  the  arthropod 
vector,  and  therefore  T.  equ i num  can  only  be  transmitted 
mechanically;  3)  X*  evans i  is  an  Old  World  parasite, 
whereas  X*  equ  i  num  is  a  New  W  o  r 1 d  parasite,  probably 
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introduced  with  imported  horses  during  the  middle  of  the 
last  century,  and  has  continued  to  reproduce  true  since 
its  discovery  in  1901  (Hoare,  1967). 

Corliss  (1962),  Hoare  (1966),  and  Sonneborn  (1957) 
all  caution  the  use  of  host-specificity  or  virulence 
as  the  sole  criterion  for  species  determination.  In 
particular,  Sonneborn  (1957)  points  out  that  comparable 
traits  in  bacteria  and  viruses  arise  as  single  mutational 
steps  and  are  inherited  as  single  gene  traits.  Consequently, 
he  objects  to  their  use  as  species  differentials  on  the 
same  grounds  as  for  the  loss  of  an  organelle  such  as  the 
kinetoplast  (but  see  above). 

Subspecies  Criteria 

Trypanosomes  have  been  separated  into  subspecies  on 
morphological  and  biological  differences  (Hoare,  1 9 6 6 )  , 
but  care  must  be  taken  because  trypanosomes  reproduce 
asexually  and  sublines  differing  in  various  characters 
can  easily  appear  (Sonneborn,  1957).  In  addition,  para¬ 
sites  (particularly  protozoans)  can  undergo  host-induced 
variations  which  are  most  commonly  expressed  as  size 
differences  (Mayr,  Linsley  and  Usinger,  1953).  Corliss 
(1962)  does  not  believe  subspecies  should  be  described 
among  the  Protozoa  because  knowledge  is  so  limited  con¬ 
cerning  factors  which  serve  as  bases  for  precise  character¬ 
ization  of  such  subdivisions.  However,  Hoare  (1966), 
suggests  that  some  populations  of  trypanosomes  should  be 
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considered  as  subspecies  (even  on  the  basis  of  host- 
specificity)  for  practical  purposes  alone.  He  notes 
that  three  species,  T_.  b  r  u  ce  i  P  1  i  mme  r  and  Bradford, 

T_.  g  a  mb  i  e  n  s  e  Dutton,  and  J_.  rhodes  iense  Stephen  and 
Fantham  were  known  and  used  for  many  years  by  veterin¬ 
ary  and  medical  workers,  but  are  now  considered  to  be 
three  strains  of  one  species,  T_.  b  r  u  ce  i  .  However,  since 
one  strain  is  host  specific  and  the  other  two  cause  dis¬ 
tinct  types  of  disease,  Hoare  states  that,  for  the  con¬ 
venience  of  medical  and  veterinary  researchers,  the 
strains  should  be  given  subspecific  status  (i.e.  T_.  b_. 

b  r  u  ce  i  ,  T_.  b_.  gamb  i  ense  ,  and  T_.  b_.  rhodes  iense)  . 

I  n f r a s u b s pe c i f i c  Categories  and  Criteria 

With  certain  exceptions,  such  as  the  example  noted 
above,  Hoare  (19*0,  1952,  1966,  1967)  has  not  given  sub¬ 

specific  status  to  strains  separable  on  purely  biological 
features  such  as  ho s t - s p e c i f i c i t y  or  type  of  disease  pro¬ 
duced.  He  believes  strains  should  be  relegated  to 
i  n f r a s u b s p e c i f i c  categories  and  proposes  to  call  them 
demes,  with  the  suggestion  that  an  appropriate  prefix  be 
attached  to  designate  the  type  of  deme  concerned  (e.g. 
xenodeme:  ho s t - r es t r i c t e d  population;  nosodeme :  population 
producing  a  different  type  of  disease). 

In  addition,  there  are  groups  with  unstable  environ¬ 
mentally  induced  characters  which  Hoare  (19*0,  1952  ,  1966, 

1967)  has  termed  Da  uermod?  fikat ionen  (transient  modifica- 
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tions)and  Gilmour  and  Heslop-Harrison  (195*0  as  plasto- 
demes.  This  terminology  is  usually  restricted  to 
relapse  strains  in  certain  parasitic  protozoans  such  as 
the  pathogenic  African  trypanosomes.  However,  it  can  be 
applied  to  xenodemes  which  undergo  various  modifications 
if  the  environment  (i.e.  host)  is  naturally  or  experi¬ 
mentally  changed. 

In  view  of  the  above  considerations,  I  propose  to 
use  a  combination  of:  statistical  analysis  of  size  differ¬ 
ences,  h os t - s p ec i f i c i t y  ,  intensity  and  duration  of  infec¬ 
tion,  and  geographical  distribution  as  diagnostic  criteria 
in  attempting  to  determine  the  taxonomic  status  of  the 
trypanosomes  present  in  different  species  of  ground 
squirrels. 


TAXONOMY  AND  DISTRIBUTION  OF  HOSTS 


Ground  squirrels  are  sciurid  rodents  that  belong  to 
the  genus  S  pe  r moph i  1  us  Cuvier,  still  referred  to  as 
C i t  e 1  1 u  s  Oken  by  many.  Hershkovitz  (19^9)  has  shown  that 
Spermoph i  1  us  is  the  correct  generic  name.  In  spite  of 
this,  Ellerman  and  Mo r r i s on - S co 1 1  (1951)  believe  the  name 
C i t  e 1  1 u  s  should  still  be  employed  (due  to  familiarity 
and  wide  usage)  until  a  ruling  is  given  by  the  International 
Commission  on  Zoological  Nomenclature.  I  prefer  to  follow 
Hershkovitz  (19^9)  and  Hall  and  Kelson  (1959)  in  using 
Spermoph?  1  us. 

Hall  and  Kelson  (1959)  list  23  speci  es  of  ground 
squirrels  from  North  America.  They  place  the  six  species 
dealt  with  in  my  study  in  the  following  subgenera:  S_. 

( Spe  rmoph i  1  u  s )  columbianus  (Ord)  ,  S_.  (  S_.  )  richardson?  i  , 

S_ .  (  S_ .  )  undul  atus  pies?  us  Osgood,  S_ .  (  I  c  t  i  d  omy  s  )  tridecem- 

1  i  nea  t  us  ,  S_.  (  Po  1  i  oc  i  te  1  1  us  )  f  r  a  n  k  1  ini  i  ,  and  S_.  (  C  a  1  1  o  s  - 

permoph i  1  us)  lateral  is  tescorum  (Hoi  1  i ster)  . 

The  North  American  distributions  of  these  six  species 
of  ground  squirrels  (Hall  and  Kelson,  1959)  are  shown  in 
Figures  1  and  2.  In  addition,  S_.  undulatus  also  has  a  Palae- 
arctic  distribution  (Rausch,  1953)  and  its  range  overlaps 
those  of  other  species  of  Asian  ground  squirrels  near  the 
upper  reaches  of  the  Ob  and  Irtysh  rivers  in  so u t h - ce n t r a  1 
Asia  (Ognev,  1963)* 
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S_ .  co  I  umb  i  anus  is  a  colonial  species  which  occurs 
in  the  Canadian,  Hudsonian  and  Arctic-Alpine  Life  Zones. 
Within  these  regions  they  inhabit  low,  spruce-surrounded 
grasslands  flanking  the  mountains;  treeless  flats,  rocky 
slopes  and  benches;  subalpine  forest  glades;  and  alpine 
regions  at  and  above  treeline.  S_.  1.  tescorum  is  a  sol¬ 

itary  species,  individuals  of  which  inhabit  the  same 
life  zones  as  do  those  of  S_.  col  umb  i  anus  ,  often  at 
higher  elevations.  S_.  frank!  ini  i  and  S_.  trideceml  ineatus 
are  both  solitary  species  and  occur  in  the  Transition 
and  Canadian  Zones.  However,  ^ .  frank!  in?  i  is  restricted 
to  shrubby  and  wooded  regions,  while  S_.  trideceml  ineatus 
occurs  only  in  short  and  long  grass  prairies.  S^.  r  i  c  h  a  r  d  - 
s  on i  i  is  colonial  and  restricted  to  the  treeless  plains 
of  the  upper  Sonoran,  as  well  as  prairies  and  parklands  of 
the  humid  Transition  Zones.  In  North  America,  S_.  undulatus 
is  colonial  and  distributed  throughout  portions  of  the 
Arctic  and  Hudsonian  Zones  in  open  and  semi-open  areas. 

These  species  of  ground  squirrels  hibernate  for 
six  to  eight  months  of  the  year  (July  or  September  to 
March  or  May)  depending  upon  the  species,  sex,  and  age. 
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Figure  1.  North  American  distribution  of: 

S.  col u  mb i anus 
—•  richardsoni j 
S.  undulatus 


The  Province  of  Alberta  is  outlined. 
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Figure  2 


North  American  distribution 
S_.  frank!  ini  i 
S.  lateral  i  s 
S  .  t  r i decern  1  i ne  a  t  us 
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The  Province  of  Alberta  is  outlined. 
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MATERIALS  AND  METHODS 


Field  Col  lections  and  Diagnosis 

Groiind  squirrels  were  collected  by  live  trapping  at 
the  localities  shown  in  Figures  3  and  ^  .  Individuals  of 
S  .  undulatus  were  trapped  80  km  northwest  of  Whitehorse, 
Yukon  Territory.  At  Miquelon  Lake,  two  populations  of 
S_.  f  r  a  n  k  1  i  n  i  i  and  S.  ri  chardsoni  i  were  sampled  once  per 
week  from  Apri 1  to  August  1970  in  an  attempt  to  determine 
if  trypanosomes  were  exchanged  between  the  two  ground 
squirrel  populations. 

Blood  samples  were  taken  by  tail  clipping  (1970, 

1971)  and  by  heart  puncture  from  etherized  animals  (  1 9 6 9 )  • 
Thin  blood  smears  were  made  from  each  animal,  air  dried  and 
stained  with  Wright's  blood  stain  (Frankel,  Reitman  and 
Sonnenwirth,  1970).  Smears  were  examined  at  a  magnifi¬ 
cation  of  200X  for  ten  minutes.  Blood  from  selected 
animals  was  also  examined  by  the  hematocrit  centrifuge 
technique  for  detecting  blood  parasites  (Bennett,  1962). 
This  technique  consists  of  filling  a  heparinized  hematocrit 
capillary  tube  with  fresh  blood,  sealing  one  end  with 
plasticine  (different  colors  can  be  used  for  color  coding) 
and  centrifuging  in  a  hematocrit  centrifuge  for  five 
minutes.  The  capillary  tube  is  then  examined  at  a  magni¬ 
fication  of  200X,  and  any  trypanosomes  present  will  be 
found  between  the  plasma  and  buffy  coat  layers.  This 
method  was  used  as  a  comparison  to  check  the  efficiency 
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of  stained  thin  blood  films  for  detecting  trypanosomes. 
Cross  Transmission  Studies 

Blood  from  infected  wild-caught  ground  squirrels  was 
withdrawn  by  cardiac  puncture  and  mixed  with  an  equal 
volume  of  mammalian  saline  (containing  3%  sodium  citrate 
by  volume  as  an  anticoagulant).  Aliquots  (usually 
0.1  to  0  .  b  ml)  of  this  blood-saline  mixture  were  injected 
i n t rape r i tonea  1  1  y  into  recipient  ground  squirrels.  In 
order  to  determine  the  courses  of  infection,  experimentally 
infected  animals  were  blood  sampled  (by  tail  clipping) 
every  one,  two  or  three  days  until  they  had  lost  their 
infections  (as  determined  by  negative  hemocy tome te r  counts 
for  two  consecutive  weeks).  Blood  was  drawn  to  the  0.5 
mark  in  a  Thoma  white  cell  blood  diluting  pipette,  then 
distilled  water  was  sucked  up  to  the  11  mark.  The  pipette 
was  rotated  vigorously  to  thoroughly  mix  the  blood,  then 
introduced  into  a  bright-lined  Neubauer  Improved  hemo- 
cytometer.  Distilled  water  lysed  the  red  blood  cells, 
leaving  only  white  blood  cells  and  trypanosomes  (albeit 
distorted).  The  counting  areas  were  examined  using  phase 
contrast  microscopy  at  a  magnification  of  200X.  The 
formula  for  determining  the  number  of  t ry p a n os ome s / c u . 
mm  of  b 1 ood  was : 

t  rypanos  ome  s  X  dilution  X  10 

number  of  1  mm  squares  counted 

where  the  dilution  was  20  and  five  squares  were  counted. 

Similar  studies  were  carried  out  on  S p r a g ue - D aw  1 e y 
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white  rats  and  BalB-C  white  mice  infected  with  the  trypan 


osomes  T_.  1  e  w  i  s  ?  (L_  strain)  and  IT.  muscul  i  ,  respectively. 

These  trypanosome  strains  were  obtained  in  1970  from 
D.  R.  Lincicome  of  Howard  University,  V/ashington,  D.  C. 
Both  species  of  trypanosomes  are  considered  to  be  valid 
and  for  this  reason  comparisons  were  made  among  them  and 
the  ground  squirrel  trypanosomes  to  determine  if  they 
were  demonstrably  different  from  the  latter  as  regards 
morphology,  intensity  and  duration  of  infection,  and 
host  specificity. 

A  supply  of  known  uninfected  ground  squirrels  was 
required  so  that  the  results  of  experimental  cross  trans¬ 
mission  could  be  interpreted  with  more  confidence.  Preg¬ 
nant  ground  squirrels  (S_.  richardsoni  ?  and  S_.  t  r  i  decem- 
1  i n  e  a  t  u  s )  were  collected  in  April  1971,  dusted  with  louse 
powder  (containing  rotenone  and  abrasive  particles)  to 
remove  all  ectoparasites  and  kept  in  cages  supplied  with 
cotton  nesting  material.  One-half  of  each  litter  was 
experimentally  infected  (after  weaning)  with  the  trypan¬ 
osome  strain  from  S_.  columb  i  anus  and  the  other  half  with 
the  strain  from  S_.  richardsoni  i  . 

Morphological  Studies 

At  the  time  blood  was  taken  for  counting,  a  thin 
smear  was  also  made  and  stained  with  Wright's  blood  stain 
Trypanosomes  present  in  smears  from  both  naturally  and 
experimentally  infected  ground  squirrels  were  drawn  at 
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a  magnification  of  1000X  with  the  aid  of  a  Wild  drawing 
tube.  Measurements  of  seven  trypanosome  body  regions 
(Figure  21)  were  determined  from  the  drawings  using  a 
calibrated  map  measurer  (0.125  i nches=3  nm  at  1000X). 

Seven  trypanosome  body  measurements  were  determined 
for  all  strains  from  both  naturally  and  experimentally 
infected  species  of  ground  squirrels.  Basic  statistics 
calculated  for  each  body  measurement  in  all  comparisons 
were  as  follows:  number  of  hosts  (NH),  number  of  trypan¬ 
osomes  (NT),  mean,  standard  deviation  (S.D.)  of  the  sample 
mean,  estimated  standard  error  (S.E.)  of  the  mean,  coeffi¬ 
cient  of  variation  (C.V.)  expressed  in  percent,  and  range. 
Various  comparisons  were  made  among  and  within  strains 
(for  each  body  measurement)  using  the  Student-Neuman-Keuls 
(SNK)  analysis  of  variance  test.  The  exact  formulae  and 
sequence  of  calculations  are  given  in  Sokal  and  Roh 1 f 
(1969),  but  essentially  the  test  ranks  the  means,  uses  a 
pooled  variance,  and  measures  the  differences  among  means 
in  a  step-wise  fashion  by  employing  the  range  as  the  critical 
statistic.  The  SNK  test  is  computationally  identical  to 
Duncan's  Multiple  Range  test  but  employs  a  different  table 
of  critical  range  values  (Rohlf  and  Sokal,  1969).  Since 
the  me ans  are  ranked,  those  which  are  non -significant 
have  been  designated  as  such  by  drawing  a  vertical  line 
beside  them  (see  Tables  in  Appendix)  as  was  suggested  by 
Sokal  and  Rohlf  (1969). 


4f  1 B&j  1  |  ’  |  if  I 

•• 


22 


Correlation  coefficients  were  computed  among  the 
seven  trypanosome  body  measurements  in  natural  and  experi- 
me  ntal  infections  to  determine  if  the  size  of  any  parti- 
cular  body  region  was  correlated  with  that  of  any  other(s) 
within  any  one  trypanosome  strain. 

All  data  and  programs  were  FORTRAN  IV  coded  on  punch 
cards  and  computations  were  performed  on  an  IBM  360/67 
digital  computer. 

Hibernation  Studies 

Four  S_.  ri  chardson  i  i  ground  squirrels  (experimentally 
infected  with  the  trypanosome  strain  from  the  same  host 
species)  were  put  into  hibernation  (in  a  cold  room  main¬ 
tained  at  3  °  C )  for  a  four  month  period  beginning  September 
9,  1970.  At  the  onset  of  hibernation  three  of  these  animals 

had  the  levels  of  infection  indicated  in  Figure  6.  No 
sampling  was  done  during  hibernation  but  was  resumed 
following  arousal. 
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RESULTS 


Distribution  and  Prevalence  of  Trypanosomes 

Collection  localities  for  the  five  species  of 
ground  squirrels  in  Alberta  are  shown  in  Figure  3. 

There  was  no  geographical  restriction  of  infected 
animals  and  trypanosomiasis  was  usually  detected  at  any 
locality  from  which  ten  or  more  ground  squirrels  were 
sampled. 

Over  a  three-year  period  55^  ground  squirrels 
belonging  to  six  species  were  sampled  for  trypanosomes 
(Table  1).  In  1969  and  1970  the  prevalence  of  infection 
was  approximately  equal  within  each  species  but  varied 
between  them.  In  1971  the  prevalence  of  infection 
increased  markedly  for  all  species  of  ground  squirrels 
sampled.  The  numbers  of  infected  ground  squirrels  in 
Table  1  were  determined  by  examination  of  stained  blood 
smears  and  represent  the  minimum  prevalence  of  trypan¬ 
osomiasis.  A  more  accurate  assessment  can  be  made  with 
the  more  sensitive  hematocrit  centrifugation  technique. 

A  comparison  of  prevalence  of  trypanosomiasis  in  1 5 1 
ground  squirrels  belonging  to  four  species  examined  by 
both  the  blood  smear  and  hematocrit  methods  is  made  in 
Table  2.  These  data  show  that  about  twice  as  many  ground 
squirrels  (depending  upon  the  species)  are  detected  as 
having  trypanosomiasis  when  using  the  more  sensitive 
hematocrit  technique. 


Figure  3.  Locations  of  Alberta  collections  of  ground 

squirrels.  Solid  symbols  represent  localities 
at  which  one  or  more  infected  animals  were 


1  1  ected . 
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Table  1.  Prevalence  of  trypanosomes  in  six  species  of  Spermophilus . 
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Table  2.  Comparative  prevalence  of  trypanosomiasis  as  detected  by  blood  smears  and  the  hematocrit 
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Although  the  number  of  infected  animals  fluctu¬ 
ated  from  month  to  month,  the  same  trends  occurred  in 
both  1969  and  1970  (Figure  5).  The  percent  of  infected 
S. •  richardsoni  i  ground  squirrels  varied  from  8%  and  17% 
in  April  of  1969  and  1970,  respectively  to  0%  in  May  of 
both  years.  The  number  of  infected  animals  then  rose  to 
highs  of  18%  and  22%  in  June  of  1969  and  1970,  respect¬ 
ively.  Following  this  June  peak  the  number  of  detectable 
infections  decreased  to  15%  and  13%  in  July  of  1969  and 
1970,  respectively  followed  by  a  further  decrease  to  7% 
and  0%  in  August  of  1969  and  1970,  respectively.  Most 
ground  squirrels  were  in  hibernation  by  the  end  of  August. 

Wild  ground  squirrels  could  not  be  sampled  during 
hibernation.  Trypanosomes  did  survive  in  detectable 
numbers  in  2/3  ground  squirrels  kept  in  experimental 
hibernation  for  four  months  (Figure  6).  The  fourth  ground 
squirrel  died  during  hibernation. 

At  the  Miquelon  Lake  study  area  (Figure  A)  36  individ¬ 
uals  of  S.  richardsoni  ?  from  area  A_  were  sampled  a  total 
of  81  times  from  April  28  to  August  25,  1970.  Cf  these 
36  animals,  eight  (22.2%)  were  infected.  In  addition,  22 
of  the  36  animals  were  sampled  two  or  more  times  at  weekly 
intervals  (if  possible).  Six  of  the  22  were  infected  but 
only  one  was  infected  on  two  separate  occasions  (as  deter¬ 
mined  by  stained  thin  blood  smears).  Twenty-one  individ- 
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Figure  5.  Incidence  of  t ry p a n os om i a s i s  in  S. 

in  Alberta  during  the  period  April 
in  1969  and  1970.  Sample  sizes  in 
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Figure  6 


Effect  of  hibernation  upon  parasitaemia  in 
three  S.  richardsonii. 
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u a  1  s  of  S_ .  frankl  ini  i  from  area  B_  were  sampled  a  total 
of  5  2  times  from  May  9  to  August  10,  1970.  None  of  these 

animals  was  infected  at  any  time,  nor  were  any  tested  for 
susceptibi 1 i ty. 

Host  Specificity  of  Trypanosomes 

Strains  of  trypanosomes  from  four  species  of  ground 
squirrels  were  used  experimentally  to  inoculate  wild-caught 
individuals  of  six  species  of  ground  squirrels  (Table  3). 
The  strain  from  $>_.  frank]  ini  i  was  the  only  one  that  failed 
to  produce  infections.  The  strain  from  S_.  r  i  ch  a  r  ds  on  i  i 
produced  infections  in  all  species  of  hosts.  In  heter¬ 
ologous  hosts  this  varied  from  2/12  S_.  undulatus  to  5/5 
S_.  tridecemlineatus,  respectively.  This  compares  with 
20/30  S_.  r  i  ch  a  rdson  i  i  that  became  infected  when  inoculated 
with  the  trypanosome  strain  from  the  same  host  species. 

In  a  few  instances  (5/38)  squirrels  which  could  not  be 
infected  with  the  strains  from  S_.  frankl  ini  i  or  S_ .  t  r  i  — 
decemlineatus  were  successfully  infected  when  re i nocu 1 ateo 
with  the  strain  from  S_.  richardsoni  i  .  This  did  not  occur 
in  the  case  of  13  squirrels  initially  inoculated  with  the 

strain  from  S_.  co  1  umb  i  anus  . 

Of  the  juvenile  (6  to  7  weeks  old)  ground  squirrels 

born  and  reared  in  the  laboratory  (and  known  never  to 
have  been  infected),  16/22  and  22/22  S_.  ri  chards  on M_ 


developed  infections  after  inoculation  with  trypanosome 
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Table  3.  Results  of  experimental  cross  transmission  experiments. 
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strains  from  S_.  col  umb  i  anus  and  S_.  richardsonii,  respect¬ 
ively.  All  the  infections  initiated  with  the  strain 
from  _S_.  richardsoni  ?  were  very  heavy  (subjective  measure¬ 
ment)  while  those  induced  by  the  S_.  columbianus  trypan¬ 
osome  strain  were  very  light.  Reinoculation  (with  the 
S_.  richardsoni  ?  trypanosome  strain)  of  the  six  ground 
squirrels  which  had  not  become  infected  with  the  strain 
from  S.  columbianus  resulted  in  all  six  developing  heavy 


infections. 

Similarly,  7/9  and  9/9  juvenile  (laboratory  reared) 

S .  t  r i d  e c  e mil neatus  developed  infections  after  inoculation 


with  trypanosome  strains  from  columbianus  and  S_.  rich¬ 
ardsoni  i  ,  respectively.  The  two  S_.  trideceml  i  neatus 
that  did  not  develop  an  infection  with  the  S_.  columbianus 
trypanosome  strain  were  not  r e i n oc u 1  a t e d .  Although  infect 
ions  initiated  with  the  S_.  richardsoni  i  trypanosome  strain 
were  heavier  than  those  induced  with  the  strain  from  S_. 
columbianus,  the  differences  were  not  as  marked  as  those 
that  occurred  in  the  S_.  richardsoni  i  juveniles. 

Ten  white  rats  and  10  white  mice  that  were  inoculated 
with  the  trypanosome  strain  from  S^.  richardsoni  i  did  not 
develop  parasitaemias.  Six  each  of  these  same  rats  and 
mice  were  later  inoculated  with  the  trypanosomes  T.  1 ew i s i 
and  T.  musculi,  respectively.  All  developed  infections. 

All  ground  squirrel  individuals  that  had  lost  their 
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*Plus  signs  in  this  column  represent  ground  squirrels  which  were  naturally  infected  when  collected. 
Thus,  the  first  inoculation  into  these  individuals  is  equivalent  to  a  ’second'  inoculation  as  far  as  inter¬ 
pretation  of  results  is  concerned. 


natural  or  experimental  infections  were  refractory  to 
reinfection  with  the  same  or  other  trypanosome  strains 
(Table  b )  . 

Eight  naturally  infected  5_.  undulatus  and  eight 
experimentally  infected  S_.  richardsoni  i  (two  with  the 
S_.  richardsoni  ?  and  six  with  the  _S.  columbianus  trypan¬ 
osome  strains)  were  reinoculated  (with  the  S.  richardsoni  i 
trypanosome  strain)  once  during  the  course  of  their  in¬ 
fections.  The  times  of  inoculation  varied  from  the  in¬ 
crease  phase  until  just  prior  to  termination  of  the  infect 
ion  (see  Figure  11  for  infection  stages).  No  animal  devel 
oped  a  detectable  s u p e r - i n f e c t i on . 

Intensity  and  Duration  of  Parasltaemia  in  Experimental 

Infections 

The  prepatent  period  (as  determined  by  stained  thin 
blood  smears)  varied  from  two  to  ten  days  with  the  average 
for  each  host  species  as  follows:  S_.  co  1  umb  i  a  n  u  s  and 
frank!  ini  1  (7)  ;  S_.  lateralis,  S_.  richardsoni  i  ,  S_.  t  r  i  decern 

1  i  neatus  ,  and  S_.  undu  1  atus  (6).  These  differences  are  not 
statistically  significant  (p=0.05).  Both  the  T.  1 ew i s i 
and  T.  musculi  trypanosome  infections  of  white  rats  and 
white  mice,  respectively  became  patent  on  the  third  day 
after  inoculation.  This  time  interval  difference  of  three 
t o  four  days  between  the  trypanosome  infections  of  ground 
squirrels  and  those  of  white  rats  and  white  mice  is  statis 
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tically  significant  (p=0.05) 

Examples  of  infections  produced  in  individuals  of 
each  species  of  ground  squirrel  after  inoculation  with 
the  trypancsome  strain  from  ri chardsoni i  are  given  in 
Figures  7"  1  1  .  Generally,  infections  in  S_.  co  1  u  mb  i  anus 
(Figures  8,  9),  S_.  ri  chardsoni  i  (Figures  7,  11)  and  S_. 

undulatus  (Figure  10)  can  be  divided  into  three  stages 
designated  as  increase,  decrease  and  terminal  (Figure  11). 
This  is  unlike  infections  in  S_ .  f  ran  k  1  in?  i  (Figures  8,  10), 

S^.  lateralis  (Figure  9)  and  S_.  t  ri  deceml  i  neatus  (Figure  7) 
which  usually  have  increase  and  decrease  stages  only.  The 
intensity  and  duration  of  infection  that  develops  in  each 
of  these  stages  depends  upon  the  host  species.  Thus, 
although  there  are  wide  individual  variations,  infections 
in  individuals  of  all  species  (except  S_.  lateral  is)  have 
intensity  ranges  of  200  to  3000  t rypanosomes/cu.  mm). 
Experimental  infections  in  S_.  lateral  is  are  unusual  in 
that  intensities  are  relatively  high  (about  40,000  trypan- 
os  ome  s/cu.  mm).  Durations  of  infection  in  S>_.  col  umb  i  anus 
and  S_.  r  i  cha  rdson  i  i  are  25  to  60  days  compared  with  12  to 
20  days  for  S.  lateralis  and  S_.  tri  deceml  ineatus.  Generali¬ 
zations  about  the  duration  of  infection  cannot  be  made  for 
S.  f  ran  k 1  ini  i  or  S_.  undu  1  atus  since  there  are  wide  variations 
among  the  three  infected  individuals  of  S>_.  f  r  a  n  k  1  ini  i  and 
there  is  only  one  infected  .  undul atus  . 

White  rats  infected  with  the  L_  strain  of  T.  1  ew  i  s  i 
usually  developed  infections  (lethal  in  7/14  rats)  with 
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Figure  7 


Intensity  and  duration  of  parasitaemia  in 
experimental  infections  in  S_.  richardsoni  i 
a  n  d  £ .  tri deceml  j  neat  us.  All  squirrels 
received  equal  portions  of  the  same  inoculum 
from  a  naturally  infected  S_.  ri  chardson?  ?  . 
(Note:  In  Figures  7  to  12  each  line  repre¬ 


sents  one  squirrel.) 
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Figure  8.  Intensity  and  duration  of  paras i taemi a  in 

experimental  infections  in  S_.  f  r  a  n  k  1  ini  i  and 
S.  co 1 umb i an  us .  All  squirrels  received 
equal  portions  of  the  same  inoculum  from  a 
naturally  infected  S_.  ri  chardsoni  i  . 
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Figure  9  .  Intensity  and  duration  of  parasitaemia  in 

experimental  infections  in  S^.  lateralis  and 
columbi anus .  All  squirrels  received 
equal  portions  of  the  same  inoculum  from  a 
naturally  infected  S.  richardsoni i . 
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Figure 


10.  Intensity  and  duration  of 
experimental  infections  in 
and  f  r a  n  k 1  ?  n  ?  i  .  All  sq 

equal  portions  of  the  same 
naturally  infected  S.  rich 


paras i taemi a  in 
S.  undulatus 
uirrels  received 
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Figure  11.  The  three  phases  of  infecti 

during  the  course  of  ground 
osomiasis  (in  this  case  an 
ri chardsoni i ) . 
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an  intensity  of  about  750,000  trypanosomes/cu.  mm  and  a 
duration  of  15  to  25  days  (Figure  12).  White  mice 
infected  with  a  strain  of  2_  *  musculi  developed  p  a  r  a  s  i  - 
taemias  with  an  average  intensity  of  20,000  trypanosomes/ 
cu.  mm  and  which  terminated  suddenly  18  days  later 
(Figure  12). 

Trypanosomes  seem  to  be  completely  removed  from  the 
host's  body  after  completion  of  the  terminal  infection 
phase  since  only  1/12  ground  squirrels  s p  1  e ne c t om i ze d 
(two  of  each  species  except  for  one  S_.  tri  decern!  ineatus 
and  three  S_.  undu  1  atus  )  at  this  time  developed  a  recrud¬ 
escence  of  p a r as i t ae m i a .  This  occurred  in  a  naturally 
infected  individual  of  S_.  undu  1  atus  which  had  lost  its 
countable  infection  Id  days  previously  but  had  a  positive 
blood  smear  on  the  day  of  splenectomy  (thus,  the  infection 
had  not  terminated).  The  renewed  infection  which  developed 
in  this  animal  was  very  short-lived  (Figure  13). 

Size  Comparisons  of  Trypanosome  Strains 

Upon  examination  of  the  seven  trypanosome  body 
measurements  compared  in  Tables  5  to  17  (Appendix),  it 
can  be  seen  that  length  (total)  and  K-MN  generally  have 
coefficients  of  variation  (C.V.)  of  about  6%  and  10%, 
respectively.  The  remaining  five  measurement  regions 
have  coefficients  of  variation  in  the  range  of  1  5  ^  to  2  5  ^ 
depending  upon  the  measurement,  trypanosome  strain,  and 
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type  of  comparison.  As  a  result,  when  comparisons  are 
made  among  and  within  trypanosome  strains  using  only  total 
length  and  K-MN  there  is  a  better  chance  of  finding  sig¬ 
nificant  differences.  In  spite  of  this,  many  of  the 
comparisons  made  with  the  other  body  measurements  confirm 
the  results  obtained  with  length  and  K-MN. 

In  the  comparisons  of  trypanosome  size  among  the 
five  species  of  naturally  infected  ground  squirrels  (Table 
5;  Figures  14,  15)  it  is  evident  that  the  five  trypanosome 

strains  fall  into  two  groups.  5  pe  rmoph i  1  us  f  r  a  n  k  1  ini  i 
and  S.  trideceml ineatus  strains  form  one  group  and  are  not 
significantly  different  from  one  another  (but  length  and 
K-MN  are  lowest  in  trypanosomes  from  S_.  trideceml  ineatus), 
but  do  differ  significantly  from  strains  of  the  other 
group:  S.  co  1  umb  i  an  us  ,  S_.  r  i  cha  rd  son  i  i  and  S_.  undulatus. 

Trypanosomes  from  the  latter  group  do  not  differ  signif¬ 
icantly  from  one  another  except  for  P-K  and  K-MN.  Even 
in  these  cases,  however,  the  three  species  are  much  closer 
in  size  to  each  other  than  they  are  to  the  S_.  frank!  ini  i 
and  t  r i decern!  ineatus  group. 

It  was  hoped  that  the  comparisons  made  in  Table  6 
would  help  determine  if  1)  experimental  infections  show 
the  same  differences  between  hosts  as  do  natural  infect¬ 
ions,  and  2)  T.  1  ew i s i  and  T.  muscu 1  i  populations  are 
significantly  different  in  size  from  the  ground  squirrel 
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trypanosomes.  When  the  results  in  Table  6  are  taken 
together  with  those  in  Figures  ]  b  and  15  certain  trends 
are  evident. 

As  is  the  case  in  natural  infections,  the  infections 
i  n  S_ .  col  urnb  i  anus  ,  S_ .  richardson?  i  and  S.  undulatus  are 
very  closely  associated  (even  if  size  differences  are 
not  always  non - s i g n i f i ca n t )  .  Similarly,  infections  in 
S_.  f  r  a  n  k  1  ini  i  and  S_.  tri  decern!  i  neatus  have  lower  mean 
values  for  length  and  K-MN  than  do  those  in  the  other 
three  species.  Unlike  natural  infections  though,  exper¬ 
imental  infections  in  individuals  of  S_.  f  r  a  n  k  1  i  n  i  i  more 
closely  resemble  (as  far  as  size  is  concerned)  those  in 
S.  columbianus,  S_.  richardsoni  i  and  S_.  undul  atus  than  those 
in  S .  trideceml i neatus. 

Trypanosome  strains  of  T_.  1  e  w  i  s  i  (from  white  rats) 

and  T .  mus  cu 1  i  (from  white  mice)  are  similar  in  size  (for 
length  and  K-MN)  to  trypanosomes  from  experimental  infec¬ 
tions  in  S.  t  r i deceml  ?  neatus  (Table  6).  However,  the 
strains  of  T_.  1  ew  i  s  i  and  T.  muscu  1  i  are  usually  signifi¬ 

cantly  different  from  one  another.  Based  upon  the  data  in 
Table  6  alone  it  does  not  appear  that  populations  of  T. 
lewisi  and  T.  musculi  are  readily  separable  from  the 
trypanosome  populations  of  ground  squirrels. 

Trypanosomes  from  naturally  infected  ground  squirrels 
are  usually  larger  (sometimes  significantly)  in  size  than 
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those  from  experimental  infections  in  the  same  host 


species  (Tables  7,  9b,  c;  Figures  1  ,  15)-  The 

exceptions  to  this  occur  in  the  case  of  trypanosomes  from 
S.  frank!  ini  i  (Table  9a)  and  S_.  tri  deceml  i  neatus  (Table  8) 
In  these  host  species,  no  matter  what  the  inoculum  source, 
trypanosomes  from  natural  infections  are  usually  smaller 
than,  and  not  significantly  different  from  (except  for 
those  in  S_.  franklinii)  ,  experimental  infections. 

When  a  comparison  is  made  between  trypanosome  pop¬ 
ulations  from  male  an d  female  hosts  of  the  same  ground 
squirrel  species,  those  from  males  are  often  smaller 
(though  not  significantly  so,  except  for  S_.  frank!  ini  i 
as  indicated  in  Table  10b)  than  those  from  females.  With 
occasional  exceptions  this  same  trend  occurs  in  both  natur 
ally  (Table  10a  to  d)  and  experimentally  (Table  *1  1  a  to  d) 
infected  ground  squirrels.  In  contrast,  T.  1  ew.i  s  i  (Table 
lie)  and  T_.  mus  cu  1  i  (Table  Ilf)  populations  from  male 
white  rats  and  white  mice,  respectively  are  usually  larger 
(not  significantly)  than  those  from  females,  both  experi 

mentally  infected. 

The  trypanosome  populations  from  two  species  of 
ground  squirrels  experimentally  infected  with  equal 
portions  of  the  same  inoculum  (Figures  16,  17;  Tables  12 

to  16)  exhibit  similar  size  patterns  to  those  for  the 

j .  ; n  Finn  res  1  A  15  and  Tables  5,  6.  Thus> 
comparisons  made  in  i-igureb  >  ^  >  j 
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populations  from  the  hosts  S.  richardsoni i  and  S. 


t  r  j  deceml  i nea  t  us  (Figure  1 6  ;  Table  12),  and  S.  Colum¬ 
bia  n  u  s  and  S_ .  tri  deceml  ineatus  (Figure  17;  Table  16) 
often  are  significantly  different  from  each  other.  In 
contrast,  trypanosome  populations  from  the  following 
pairs  of  host  species  usually  do  not  differ  significantly: 
S_ .  columbianus  vs  S_ .  lateral  i  s  (Figure  16;  Table  13); 

S  .  frank!  ini  i  vs  S_ .  undulatus  (Figure  17;  Table  14);  and 
S.  columbianus  vs  S.  f  r  a  n  k  1  i  n i  i  (Figure  17;  Table  15). 

When  several  trypanosome  strains  are  inoculated  into 
different  individuals  of  the  same  host  species  the  try¬ 
panosomes  from  these  experimental  infections  within  one 
host  species  are  not  significantly  different  from  one 
another  (Figure  17;  Tables  7,  8). 

A  visual  impression  of  the  influence  host  individuals 
and  species  have  upon  size  in  strains  of  trypanosomes 
can  be  obtained  from  Figures  14  to  17-  This  is  especially 
evident  in  Figure  1  6  which  illustrates  size  differences 
among  sublines  of  a  trypanosome  strain  that  originated 
from  one  naturally  infected  _S_ .  richardsoni  i  . 

Each  of  the  experimental  infections  compared  in 
Table  6  have,  in  Table  17a  to  h,  been  divided  into 
increase,  decrease  and  terminal  stages  (see  Figure  11) 
and  comparisons  made  among  these  stages  for  each  host 

There  are  usually  no  significant  size  differ- 


species. 
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ences  among  the  stages  from  experimentally  infected 
ground  squirrels  (Figure  18;  Tables  17a  to  f).  However, 
in  white  rats  experimentally  infected  with  the  trypano¬ 
some  T_.  1  ew  i  s  i  ,  trypanosomes  from  the  increase  and  decrease 

phases  are  much  more  highly  variable  (i.e.  large  C.V.) 
than  the  terminal  phase  (Figure  19;  Table  1 7  g )  even  though 
the  differences  among  them  are  not  statistically  signifi¬ 
cant  (Table  1 7 g )  •  The  same  is  true  for  the  differences 
between  the  increase  and  decrease  phases  from  white  mice 
infected  with  the  trypanosome  T_ .  mu  s  c  u  1  i  ,  except  that 
there  is  no  terminal  phase  (Figure  20,  Table  1 7  h )  . 

With  the  exception  of  total  length,  body  measure¬ 
ments  of  trypanosomes  from  naturally  (Table  18)  and 
experimentally  (Table  19)  infected  ground  squirrels,  and 
white  rats  and  mice  experimentally  infected  with  the 
trypanosomes  ,  T.  1  ew  ?  s  i  and  T_ .  m  u  s  c  u  1  i  ,  respectively 
(Table  20)  show  no  significant  correlations.  Since  P-K, 
K-MN,  MN-A,  and  flagellar  length  together  make  up-total 
length  (Figure  21),  they  are  usually  positively  correlated 
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Figure  15.  Comparison  of  measurement  K-MN  for 

trypanosome  strains  from  all  natural 
and  experimental  infections. 
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Figure  16.  Variations  in  total  length  of  trypanosomes 

from  different  host  individuals  and  species. 
All  infections  are  sublines  derived  from 
a  naturally  infected  S_.  richardsoni  i  . 


Note  : 

:  1)  number  of  trypanosomes  measured 

are  listed  to  the  left  of  the  range 

line. 

2)  letter  to  the  right  of  the  range 

line  denotes  the  host  species. 

3)  horizontal  line  represents  range; 

vertical  line  represents  mean; 

standard  deviation  of  mean  is  repre 

sented  by  black  and  white  bars  on 

either  side  of  mean;  two  estimated 

standard  errors  are  represented  by 

black  bar  on  either  side  of  mean. 

Figure  17 


Variations  in  total  length 
from  infections  produced  in 
of  different  species.  Reci 
in  each  group  received  equa 
the  same  inoculum. 

Note:  symbolism  employed  is 
in  Figure  16. 
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Figure  18. 


Morphology  of  ground 
during  the  increase, 
phases  of  infection, 
from  S.  richardsonii 


squirrel  trypanosomes 
decrease,  and  terminal 
Drawings  were  made 
individuals  experimen¬ 


tally  infected  with  the  trypanosome  strain 
from  the  same  host  species. 
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Figure  19. 


Variations  in  T.  1  ew  ?  s i  morphology  during 


the  increase,  decrease  and  terminal  phases 
of  infection  in  white  rats. 
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Figure 


21.  Generalized  drawing  of  a  trypanosome  to  show 
major  features  and  measurement  regions. 

P-K:  posterior  end  of  body  to  middle  of 
ki netoplast 

K-MN:  middle  of  kinetoplast  to  middle  of 
nucleus 

MN-A:  middle  of  nucleus  to  anterior 


body  (not  including  flagellum) 


end  of 


jouajsod 


jouejuv 


Length 


DISCUSSION 


Prevalence  of  Trypanosomiasis 

It  is  questionable  whether  the  prevalence  data  for 
1971  (Table  1)  should  be  interpreted  as  indicating  a 
general  increase  in  prevalence  of  trypanosomes.  All  the 
S_.  col  umb  i  anus  and  S_.  f  rank  1  ini  ?  and  75%  of  the  S. 
richardsoni i  collected  in  1971  were  taken  from  only  one 
locality  each.  The  S_.  col  umb  i  anus  and  S_.  richardsoni  i 
were  collected  from  localities  with  very  dense  ground 
squirrel  populations,  a  situation  which  may  have  facili¬ 
tated  more  rapid  transfer  of  infection.  This  same  situ¬ 
ation  existed  for  S_.  undulatus  collected  in  1970  and 
probably  accounts  (in  part)  for  the  high  (A2.A%) 
prevalence  of  infection  (Table  1).  In  addition,  all  S_. 
undulatus  were  collected  July  15th  about  two  weeks  after 
the  susceptible  (or  recently  infected)  juvenile  squirrels 
had  emerged.  Too  few  individuals  of  S_.  f  r  a  n  k  1  ini  i  and 
S.  trideceml i neatus  were  sampled  in  1971  to  give 
satisfactory  indices  of  prevalence. 

The  trend  for  all  three  years,  however,  seems  to  be 
that  S_.  f  rankl  i  n  i  1  and  S_.  t  r  i  decern!  i  neatus  have  low 
prevalences  of  infection  (about  6^)  whereas  _S_  •  col umb i anus 
and  S.  richardsoni i  have  higher  prevalences,  around  15^ 
(Table  1  )  . 

As  is  shown  in  Table  2  trypanosomes  are  detected  in 
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approximately  twice  as  many  ground  squirrels  if  a  more 
sensitive  technique  is  used.  Thus,  the  number  of 
infected  ground  squirrels  of  each  species  in  Table  1 
probably  represents  about  one-half  the  actual  number. 
Similar  results  have  been  recorded  by  Bennett  (1962) 
for  birds  from  Ontario  infected  with  trypanosomes  and 
microfi lariae. 

Galuzo  and  Novinskaya  (1968)  examined  thin  blood 
smears  from  individuals  of  S_.  f_.  f  u  1  vu  s  ,  S_.  £.  py  g  mae  u  s 

and  S_ .  £ .  brevi  cauda  collected  from  different  localities 
in  Russia  over  a  six-year  period  and  found  that  preva¬ 
lences  of  infection  fluctuated  from  year  to  year  both 
within  and  between  species.  Prevalences  varied  from  0% 

(0/2  individuals  of  S_.  £.  brevi  cauda)  to  16.7%  (1/6 

individuals  of  both  S_.  £.  py  g  mae  u  s  and  S_.  £.  brevi  cauda)  . 

Fluctuations  in  prevalence  of  trypanosomes  for 
individuals  of  two  different  genera  of  sciurids  have  also 
been  recorded  by  Dorney  (1969)  •  Dorney  attempted  to 
determine  (using  stained  thin  blood  smears)  the  natural 
fluctuations  of  two  1 e w i s i -  like  trypanosomes  (not  yet 
named,  although  Dorney  determined  them  to  be  host  specific) 
in  Tamiasciurus  hudson  ?  cus  (Erxleben)  and  Tam?  as  s  t  r  i  a  t  u  s 
(L.)  all  collected  at  one  location,  Trout  Lake,  Wisconsin. 
Prevalences  in  the  T.  hudson  i  cus  population  were  h  /0 
(1/26)  in  1961,  37%  (19/52)  in  1 9  62  and  15%  (11/73)  in 
1963. 
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Prevalences  in  the  T_ .  s  t  r  i  a  t  u  s  population  were  k2% 

(3V80)  in  1961,  25%  (28/106)  in  1962  and  \  2%  (12/97) 

in  1963. 

From  these  studies  it  would  appear  that  yearly 
fluctuations  in  prevalence  are  common.  However,  Dorney's 
data  were  all  collected  at  one  location  as  were  Galuzo 
and  Novinskaya's  for  each  host  species  within  any  one 
year  (except  foi  ^ .  f .  f  u  1  v  u  s  which  was  collected  from 
three  localities  in  195^).  Consequently,  sampling  ground 
squirrels  from  a  large  number  of  widespread  localities 
(such  as  I  did  in  1969  and  1970)  may  give  a  more  accurate 
indication  of  overall  prevalence. 

In  contrast  to  fluctuations  in  prevalences  between 
years  those  within  any  one  year  seem  to  show  the  same 
pattern,  at  least  for  S_.  r  i  cha  rdson  i  i  (Figure  5).  The 
higher  prevalences  of  infection  recorded  in  April  as 
opposed  to  May  might  represent  a  recrudescence  of 
infection  in  individual  ground  squirrels  brought  about 
by  the  physiological  changes  that  occur  during  emergence 
from  hibernation.  The  infections  shown  in  Figure  6  might 
support  this  hypothesis  even  though  the  slight  increases 
in  infection  that  occurred  in  2/3  individuals  following 
hibernation  resemble  the  small  fluctuations  which  occur 
in  the  terminal  phase  of  experimental  (Figures  7  to  11) 
and  natural  (Figure  13)  infections.  Although  the  data 
in  Figure  6  are  too  limited  to  prove  that  there  is  no 
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recrudescence  following  hibernation,  they  do  show  that 
trypanosomes  can  survive  (for  at  least  four  months)  the 
physiological  changes  that  take  place  in  the  ground 
squirrel's  body  during  hibernation. 

The  peak  prevalence  in  June  may  be  due  to  the  large 
number  of  susceptible  young  which  have  recently  been  weaned 
and  have  left  their  mothers'  burrows  to  fend  for  themselves. 
This  would  increase  their  chances  of  coming  into  contact 
with  other  ground  squirrels  which  are  infected.  In  addition, 
many  of  the  offspring  from  infected  mothers  might  already 
be  infected  since  they  have  been  in  contact  with  their 
mothers  (and  associated  ectoparasites)  for  at  least  three 
weeks,  a  period  in  which  there  are  undoubtedly  many 
opportunities  for  natural  transmission.  Since  parasitaemia 
may  last  one  to  two  months  in  individuals  of  S_.  r  i  chardson  i  i 
(Figures  7,  11)  young  ground  squirrels  would  still  be 

infected  when  they  emerged  in  June. 

Natural  Transmission  of  Trypanosomes 

Hilton  and  Mahrt  (1971)  have  shown  that,  of  the 
ectoparasites  present  on  three  species  of  ground  squirrels 
in  Alberta,  only  fleas  and  lice  could  serve  as  efficient 
vectors  since  they  are  the  only  ectoparasites  which 
are  abundant  and  widely  distributed  on  ground  squirrels. 

Of  these  two  groups  fleas  are  the  more  likely  vectors 
because  (unlike  lice)  they  are  active  and  transfer  readily 
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from  individual  to  individual  of  a  host  species  (Hopkins, 
19^9,  1957).  In  all  cases  studied,  fleas  have  been 

the  biological  vectors  of  1 e  w i s i -  like  trypanosomes  of 


rodents  even  though  lice  can  be  mechanical  vectors 
(providing  they  contain  infected  undigested  blood)  if 
they  are  ingested  by  a  susceptible  host  (Wenyon,  1926). 

It  is  only  in  fleas,  however,  in  which  trypanosomes 
can  undergo  cyclic  developmental  changes  that  result  in 
infective  forms  being  passed  out  with  the  feces.  Trans¬ 
mission  occurs  when  these  infective  feces  are  ingested  or 
crushed  into  breaks  in  the  host's  skin.  Fleas  are 
therefore  mechanical  (in  the  same  fashion  as  lice)  and 
biological  vectors.  I  have  no  data  proving  that  fleas  are 
vectors  of  the  trypanosomes  of  ground  squirrels. 

Although  I  have  been  able  to  infect  ground  squirrels 
of  different  species  with  trypanosome  strains  from  other 
species  of  ground  squirrels,  I  do  not  know  whether  this 
transmission  occurs  in  nature.  Natural  cross  transmission 
did  not  appear  to  take  place  between  individuals  of  S_ . 
richardsoni  i  in  area  A_  and  S_.  frank!  ini  i  in  area  B_ 

(Figure  A)  even  though  22.2%  of  the  S_.  richardsoni  i 
in  area  A  were  infected.  It  is  possible  that  there  was 
insufficient  movement  of  ground  squirrels  between  the 
two  areas  for  the  exchange  of  infected  ectoparasites 
necessary  to  produce  infection.  Ectoparasite  exchange 
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does  occasionally  occur  between  host  species  because 
fleas  of  the  species  Qpisocrostis  bruneri ,  normal ly 
specific  foi  S^.  f  r  a  n  k  1  in?  i  ,  have  been  recorded  from 
S_.  richardsoni  i  and  S_.  tri  deceml  ine  a  tus  (Holland,  1  9  9  )  . 
Such  exchanges  could  easily  occur  if  individuals  of  one 
species  of  ground  squirrel  enter  the  (abandoned  or 
temporarily  vacant)  burrows  of  another.  This  would  pro¬ 
vide  an  opportunity  for  fleas  (which  are  nest  parasites) 
to  transfer  to  a  different  host  species. 

In  Alberta,  the  ranges  of  the  following  ground 
squirrels  overlap:  S_.  f  ran  k  1  i  n  i  i  ,  S_.  r  i  ch  a  rds  on  i  i  and 
S.  tri  deceml  i  neatus  ;  S_.  co  1  umb  i  anus  ,  S_.  richardsoni  ?  and 
S_.  tri  deceml  i  neatus  ;  and  S_.  co  1  u  mb  i  an  u  s  and  S_.  lateralis. 
Within  these  overlapping  ranges  I  have  often  seen  individ 
uals  of  two  or  three  species  living  within  a  few  yards  of 
one  another.  In  these  situations  natural  cross  trans¬ 
mission  might  occur. 

Host  Specificity  of  Ground  Squirrel  Trypanosomes 

White  rats  and  white  mice  could  not  be  infected  with 
the  trypanosome  strain  from  naturally  infected  S_.  r  i  chard 
s  on i  i  .  This  corroborates  the  related  findings  of  Becker 
and  Roudabush  (193*0,  Bozhenko  (1927)  Culbertson  (  1  9 )  , 
Davis  (1952),  Dorney  (1967),  Galuzo  and  Novinskaya  (1968) 
G  rewa 1  (1957),  Molyneux  (1967a  S  b),  Quay  (1955),  and 

Wood  (1936),  who  all  found  it  was  impossible  to  infect 
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heterologous  hosts  (especially  those  from  different 
genera  and  higher  taxonomic  categories). 

As  mentioned  in  the  introduction,  Bozhenko  (1327) 
and  Galuzo  and  Novinskaya  (1968)  successfully  produced 
c ros s - i n f e c t i on s  between  two  or  more  species  of  Asian 
?-P.e..rm°Ph  !.  Lu..l  •  In  contrast,  Becker  and  Roudabush  (1934) 
were  unable  to  infect  S_.  t  ri  deceml  i  neatus  with  the  trypan¬ 
osome  T_.  h  i  xs  on  i  (from  S_.  frank  1  i  n  i  i  )  ,  but  later  success¬ 
fully  infected  the  same  individuals  of  tridecemlineatus 
with  the  trypanosome  T_ .  i  o  w  e  n  s  i  s  (from  S.  tridecemlineatus). 
None  of  the  above  authors  gave  any  data  on  the  number  of 
ground  squirrels  of  each  species  in  which  cross-infections 
were  attempted. 

In  my  cross  transmission  experiments  (Table  3) 
the  species  of  ground  squirrel,  and  number  of  individ¬ 
uals  of  each  species  that  could  be  successfully 
infected  depended  upon  the  trypanosome  strain  inocu¬ 
lated  and  the  species  of  recipient  squirrel.  Thus, 
varying  numbers  of  individuals  of  all  six  host  species 
could  be  infected  with  the  trypanosome  strain  from 
£.  richardsoni  i  ,  whereas  only  small  numbers  of  individ¬ 
uals  of  2/4  species  of  squirrels  could  be  infected  when 
the  trypanosome  strain  from  S.  tridecemlineatus  was 


used. 


It  is  likely  that  failure  to  infect  more  ground 
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squirrels  with  the  trypanosome  strain  from  S.  columb i anus 
was  a  result  of  immune  hosts  being  used  as  recipients. 

This  is  suggested  by  the  fact  that  of  the  13  individuals 
which  were  unable  to  be  infected  the  first  time  none  could 
later  be  infected  with  the  trypanosome  strain  from  S. 

■Llf_h.a„rdsoiLLL>  ft  's  possible  that  some  of  these  failures 
to  produce  experimental  infections  were  due  to  incorrect 
inoculation  sites,  even  though  all  injections  were  made 
i  nt  rape  r  i  tonea  1  ly  .  Simmons,  et_  a_j_.  (  19  6  3)  have  shown  that 

during  i n t rape r i t one  a  1  inoculations  of  trypanosomes 
(species  not  specified)  into  mice  the  needle  is,  occasional 
inadvertently  inserted  into  the  stomach  or  intestinal  lumen 
sites  where  infections  will  not  ensue. 

There  is  a  certain  amount  of  host  specificity  involved 
in  experimental  ground  squirrel  infections  which  prevents 
cross  transmission  between  some  individuals  of  certain 
host  species.  Thus,  22/22  S_ .  ri  chardsoni  ?  and  9/9  S  . 
trideceml ineatus  individuals  (all  laboratory  reared)  were 
heavily  infected  with  the  S_.  ri  chardsoni  ?  trypanosome 
strain  whereas  of  the  litter  mates,  only  16/22  S_.  richard- 
s  on  i  i  and  7/9  S_.  trideceml  ineatus  developed  light  infections 
when  inoculated  with  the  S^.  columbianus  trypanosome  strain. 
The  six  S_ .  ri  chardsoni  ?  individuals  which  failed  to  develop 
infections  the  first  time  (with  the  co 1 umb i an  us  trypano¬ 


some  strain)  later  became  heavily  infected  when  inoculated 
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with  the  strain  from  S_.  r  i  cha  rdson  i  i  . 

Even  though  there  are  differences  among  trypanosome 
strains  once  a  ground  squirrel  has  lost  its  natural 
infection  it  cannot  be  reinfected  with  the  same,  or  a 
different,  strain  of  trypanosome  (Table  A).  In  addition, 

I  was  unable  to  produce  super-infections  in  ground 
squirrels  using  the  same  or  different  trypanosome  strains. 
This  suggests  there  are  basic  antigens  common  to  all  trypano 
some  strains  and  once  ground  squirrels  develop  antibodies 
to  these  antigens,  reinfection  cannot  normally  be  effected. 
Similar  results  have  been  obtained  with  the  T.  brucei 
group  of  pathogenic  African  trypanosomes  (Zuckerman  and 
Ristic,  1968).  In  this  species  group  there  are  both 
shared  and  va r i a n t - s pec i f i c  antigens. 

Intensity  and  Duration  of  Paras  i  taemi a  in  Experimental 

Infections 

As  has  been  shown  in  Figures  7  to  11,  the  course  of 
an  experimental  infection  is  determined  by  both  individual 
and  species  differences  among  hosts.  Taking  into  consider¬ 
ation  wide  individual  variability,  ground  squirrels  of 
co  1  umb  ?  an  us  ,  S_.  f  r  a  n  k  1  ini  i  ,  S_.  richardsoni  i  and  S. 

undulatus  can  be  placed  in  one  group  since  all  have  similar 
infections  while  those  of  S_.  lateralis  and  S_.  tridecem- 
1  i nea  t  us  are  different  from  one  another  as  well  as  from 
the  S.  co 1 umb i a n u s - S  .  f r a n k  1  i n  i  i - S .  r  i  c h a r d s on i  i - S . 
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undulatus  group. 

All  the  infections  in  ground  squirrels  are  different 
from  those  produced  in  white  rats  and  white  mice  by  the 
trypanosomes  .  1  e  w  i  si  and  T_ .  m  u  s  c  u  1  i  ,  respectively  (Figure 

12).  This  emphasizes  that  the  host  species  (and  also 
trypanosome  species)  determines  the  intensity  and  duration 
of  experimental  trypanosome  infections. 

Following  termination  of  parasitaemia  in  ground 
squirrels  it  appears  that  the  immunity  which  has  devel¬ 
oped  is  sterile  (i.e.  trypanosomes  are  no  longer  present 
in  the  host's  body)  and  of  very  long  duration,  possibly 
a  life  time  (Table  A).  Splenectomy  did  not  result  in 
recrudescence  of  infections.  This  is  similar  to  immunity 
in  white  rats  against  the  trypanosome,  T_.  1  ew  i  s  1  (Corra- 

detti,  1963). 

Size  Comparisons  of  Trypanosome  Strains 

Host  individuals  exert  an  effect  upon  trypanosome  size 
(Figures  16,  17).  If  allowances  are  made  for  this  variation 

the  five  trypanosome  strains  obtained  from  naturally  in¬ 
fected  ground  squirrels  can  be  divided  into  two  groups. 

The  strains  from  S_.  col  uinb  i  anus  ,  S_.  richardsoni  i  and  S. 
undulatus  form  one  group  while  those  from  S_.  f  r  a  n  k  1  ini  i 
and  S_.  tridecemlineatus  comprise  the  second  group. 

The  differences  in  trypanosome  size  between  natural 
and  experimental  infections  are  probably  not  the  result  of 
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experimental  infections  being  initiated  with  the  trypano¬ 
some  strain  from  S_.  r  i  chardson  i  i  .  £ven  within  this  host 
species,  trypanosomes  from  the  natural  and  experimental 
infections  are  significantly  different  in  size  (Table  9b). 
One  reason  for  these  size  differences  may  be  that 
cyclical  development  is  required  in  the  arthropod  vector(s) 
before  the  strain  sizes  shown  in  Table  5  can  be  attained. 

It  has  been  shown  for  the  T_.  b  r  u  ce  i  group  of  pathogenic 
African  trypanosomes  that  cyclical  development  i n  the 
tsetse  fly  vector  is  required  to  return  the  relapse 
strains  (which  differ  antigenically  from  one  another)  to 
the  antigenic  type  of  the  parent  strain  (Brown,  1963; 
Weinman,  1968).  Although  this  latter  evidence  does  not 
demonstrate  size  differences,  it  does  indicate  cyclical 
development  in  the  vector  is  necessary  to  stabilize 
modifying  influences  exerted  by  the  vertebrate  host. 

A  strong  influence  is  exerted  on  trypanosome  size 
by  the  host  species.  Thus,  if  different  individuals 
of  S_.  columbianus  and  S_.  trideceml  ineatus  are  inoculated 
with  the  S_.  columbianus,  S_.  ri  chardson?  i  and  S_.  tridecem- 
1  i  nea  t  us  trypanosome  strains  (Table  7)  and  S_.  col  umb  i  anus 
and  S_ .  richardsoni  ?  strains  (Table  8),  respectively 
almost  all  experimental  infections  produced  in  either  one 
of  these  two  host  species  will  not  differ  in  size.  Con¬ 
versely,  if  equal  portions  of  the  same  inoculum  are 
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injected  into  individuals  of  S_ .  t  r  i  d  e  ce  mlineatus  and 
ground  squirrels  of  another  species  the  size  differences 
between  trypanosomes  from  the  two  infections  that  are 
produced  will  often  be  significantly  different  (Tables 
12,  16)  . 


Body  measurements  with  a  high  coefficient  of 
variation  (C.V.)  during  the  increase  phase  of  a  trypano¬ 
some  infection  are  an  indication  of  trypanosome  reproduc¬ 
tion  in  the  host’s  bloodstream.  This  has  been  shown  for 
infections  of  the  trypanosome  T_ .  lewisi  in  white  rats 
Taliaferro,  1923;  Taliaferro  and  Taliaferro,  1922). 
Demonstration  of  reproducing  forms  in  blood  smears 
(Figure  19)  is  confirmation  that  such  reproduction  occurs. 
The  decrease  and  terminal  phases  of  infection  have  lower 
C.V.  values  due  to  the  removal  of  all  young  dividing 
(and  therefore  variable)  trypanosomes  by  the  first- 
crisis  antibody,  leaving  the  monomo rph i c  "adult"  forms 
(Ormerod,  1963;  Taliaferro,  1923;  Taliaferro  and 
Taliaferro,  1922).  My  data  (Table  1 7 g )  show  that  the 
decrease  phase  has  the  highest  C.V.  followed  in  turn  by 
the  increase  and  terminal  phases.  This  difference  may  be 
due  to  strain  differences  since  the  L_  strain  of  T_.  1  ew  i  s  ? 

(which  I  used)  produced  experimental  infections  considerably 
different  from  those  produced  by  Taliaferro's  strain  of 


T .  lewisi. 
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A  similar  type  of  reproduction  occurs  in  T. 

™-U-S.c  u  1  '  trypanosome  infections  in  white  mice  except 
that  differences  in  C . V  .  are  not  as  great  (  D ' A  1 e s a n d ro  , 
1970).  My  data  (Figure  20,  Table  1 7h )  agree. 

Trypanosomes  of  ground  squirrels  do  not  have  a  re¬ 
productive  stage  in  the  bloodstream.  This  was  determined 
by  the  similar  coefficients  of  variation  within  each 
measurement  region  (Table  17a  to  f)  and  by  the  mono- 
morphic  trypanosomes  present  in  all  three  infection  phases 
(Figure  18).  This  means  there  must  be  a  tissue  stage  of 
reproduction  from  which  t ry poma s t i go te s  are  released 
into  the  bloodstream  following  a  prepatent  period  of  six 
to  seven  days  (as  determined  by  h emo cy t ome t e r  counts). 
Reproduction  of  this  type  has  been  found  to  occur  in  the 
rodent  trypanosomes  T_.  evotomy  s  ,  T_.  microti  ,  T.  nabiasi, 
and  T_.  z  a  p  i  (Molyneux,  1970). 

The  body  measurements  I  determined  for  trypanosomes 
from  naturally  infected  ground  squirrels  are  considerably 
larger  than  those  recorded  by  other  investigators  (although 
my  measurements  show  similar  differences  between  strains). 
Thus,  Becker  and  Roudabush  (193*0  found  total  length  of 
the  trypanosomes,  T_.  h  1  xs  on  i  (from  S_.  f  r  a  n  k  1  ini  i  )  and 
—  *  i owe  n  s i s  (from  S.  trideceml  ineatus)  to  be  32.0  and 
26.3  pm,  respectively.  In  contrast,  my  data  for  the  strains 
from  these  two  host  species  are  39«5  and  38.8  pm,  respec- 
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tively.  Watson  and  Hadwen  (1912)  only  measured  a  few 
(exact  numbers  not  stated)  trypanosomes  of  T.  citelli 
from  — ’  — --h  a  r  d  s  o  n  i _i_  and  recorded  the  mean  length  as 
35.0  pm*  This  compares  with  a  mean  length  of  ^7.6  ym 
which  I  obtained  for  trypanosomes  from  the  same  host 
species.  Since  trypanosomes  from  S_.  columbianus  and  S_. 

— n.d  u  1  at  us  (in  North  America)  have  not  previously  been 
reported,  no  comparative  data  are  available.  Davis  (1952) 
and  Noble  and  Shipman  (1958)  recorded  total  length  for  two 
different  populations  of  T.  otospermoph  i  1  i  from  _S.  beechey  i 
as  30.7  and  25.2  ym,  respectively.  Galuzo  and  Novinskaya 
(1968)  do  not  give  measurements  for  the  populations  of 
trypanosomes  they  described.  However,  Bozhenko  (1927) 
determined  mean  total  length  for  trypanosomes  from 
S.  JF.  f  u  1  vus  ,  S.  pygniaeus  mugoza  r  i  cus  and  S_.  p_.  musicus 

to  be  32.5,  32. A  and  33-0  ym  ,  respectively. 

Similar  size  differences  occurred  between  the  measure¬ 
ments  I  obtained  for  the  JT*  1  ew  ?  s  ?  and  X*  mus  cu  1  i  strains 
and  those  determined  for  different  strains  of  the  same 
two  species  by  Taliaferro  (1923). 

Most  of  the  above  authors  do  not  state  what  measuring 
devices  they  used  but  in  the  past  it  has  usually  been 
calipers  or  a  series  of  short  straight  lines  drawn  along 
the  central  axis  of  the  trypanosome.  Since  I  used  a  cali¬ 
brated  map  measurer  I  was  able  to  foil ow  every  curve  in  the 
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trypanosome's  body  and  my  measurements  would  be  greater 
than  could  be  obtained  wit  It  either  calipers  or  straight 
1  i  nes  . 

Size  discrepancies  may  also  be  due  to  differences 
in.  optical  equipment,  fixing  and  staining  methods,  as 
well  as  strain  variability.  Fixing,  staining,  and 
different  strains  have  been  shown  to  produce  size  differ- 
ences  with  T.  1 ew  i  s i  (Taliaferro,  1923). 


4 


TAXONOMIC  STATUS  OF  GROUND  SQUIRREL  TRYPANOSOMES 


Although  the  trypanosomes  of  ground  squirrels  are 
not  distinguishable  from  T.  1  ew i s i  and  T.  muscu 1  1  by 
size  alone  (Table  6)  they  can  be  separated  because  the 
latter  have  1)  variable  body  size  during  the  increase 
stage  of  infection,  2)  a  different  type  of  reproduction 
in  the  vertebrate  host,  3)  rigid  host  specificity,  and 
k)  large  differences  in  duration  and  intensity  of  infec¬ 
tions.  These  characters  taken  together  serve  to  define 
X  *  jew?  s  i  and  T_ .  m  u  s  c  u  1  i  as  distinct  species  readily 
separable  from  the  trypanosomes  of  ground  squirrels. 

Since  the  trypanosome  strains  (so  far  examined) 
from  ground  squirrels  are  all  morphologically  identical 
they  cannot  be  separated  into  different  species  on  the 
basis  of  morphological  criteria.  There  are  differences 
between  strains  as  regards  mensural  variations,  inten¬ 
sity  and  duration  of  infections,  host  specificity,  and 
geographical  restriction.  However,  these  are  all  charac¬ 
ters  which,  when  taken  separately  or  in  combination, 
could  (at  the  most)  be  used  only  in  distinguishing  sub¬ 
species,  not  species  (Corliss,  1962;  Hoare,  1966; 

Sonnebo  rn  ,  195  7). 

The  trypanosome  strains  from  different  species  of 
ground  squirrels  should  not  be  designated  as  subspecies 
because  1)  ground  squirrel  trypanosomes  are  not  impor¬ 
tant  enough  (from  a  medical  standpoint)  to  warrant  sepa- 
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ration  into  subspecies  as  has  been  done  for  those  of 
the  T.  brucH  group  (Hoare,  1966)  ,  2  )  strain  differences 
seem  to  be  host  influenced,  and  3)  geographical  isolation 
of  i*  iilliLlalHL  from  all  other  North  American  ground 
squirrels  has  not  resulted  in  appreciable  differences 
between  the  trypanosome  strain  in  S_.  undulatus  and  those 
in  the  other  host  species.  The  fact  that  strain  differ¬ 
ences  are  host  influenced  is  further  emphasized  by  noting 
that  trypanosome  strains  from  ground  squirrels  of  the 
subgenus  Spe  rmoph  i  1  us  (i.e.  S_.  col  umb  i  anus  ,  S_.  r  i  chard- 

s ° n  *  *  and  S.  undulatus)  are  all  similar  to  one  another 
(as  regards  size,  types  of  infection  and  host  specifi¬ 
city),  but  different  from  the  strains  found  in 
(Pol  ioci  tel  lus)  f  r  a  n  k  1  ini  i  and  S_.  (  1  c  t  i  d  omy  s  )  tridecem- 

1  i n  e  a  t  u  s .  Trypanosome  strains  from  ground  squirrels  of 
the  latter  subgenera  show  some  differences  from  each 
other  (size  in  experimental  infections,  levels  of  host 
specificity,  duration  of  infections)  as  well  as  some 
similarities  (size  in  natural  infections,  intensity  of 
infections) . 

Hoare  1  s  ( 1 9 6 6 ,  196  7)  suggested  application  of  the 

term  xenodeme  to  h os t - re s t r i c t e d  trypanosome  populations 
does  not  really  apply  to  trypanosome  strains  from  ground 
squirrels  since  in  these  latter  cases  host  specificity 
is  not  absolute.  In  addition,  geographical  ranges  of 
many  ground  squirrels  overlap  (Hall  and  Kelson,  1959) 


; 
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and  it  has  been  shown  (Holland,  1 9  i*  9 )  that  exchanges  of 
fleas  can  occur  among  ground  squirrels  of  different 
species,  thus  perhaps  providing  opportunities  for  natural 
cross  transmission  (assuming  fleas  are  vectors). 

Gilmour  and  Hes  1  op  -  Ha r r i s on  1 s  (1955  )  term  plastodeme  is 
partially  applicable  to  trypanosome  strains  from  ground 
squirrels  since  it  denotes  populations  differing  pheno¬ 
typic  a  1  1  y  .  However,  even  plastodeme  is  not  entirely 
satisfactory  because  it  only  indicates  there  are  differ¬ 
ences  without  specifying  what  types. 

As  most  of  the  differences  among  trypanosome  strains 
of  ground  squirrels  are  host  influenced,  it  would  be 
advantageous  to  have  a  collective  term  which  denotes  this 
variation.  Consequently,  I  believe  it  is  useful  to  use 
two  descriptive  prefixes  in  front  of  the  root  (deme)  as 
has  been  done  by  Gilmour  and  Hes  lop-Harri son  (1955). 

Thus,  populations  of  trypanosomes  from  different  species 
of  ground  squirrels  would  be  termed  p  1  a s t oxe n ode  me s  , 
i.e.  populations  whose  differences  are  h os t - i n f 1 ue n ce d . 
Terminology  of  this  type,  perhaps  objectionable  from 
the  standpoint  of  phonetics,  is  a  good  means  for  des¬ 
cribing  the  type  of  variation  present  among  populations. 

Since  most  differences  among  trypanosome  strains 
of  ground  squirrels  result  from  host  influences  (and 
host  specificity  is  not  absolute)  there  is  no  basis  for 
preserving  the  specific  status  of  T_ .  c  i  t  e  1  1  i  ,  T_ .  hi  xs  on  ? 
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and  T.  jow_e  nj_}s  (described  from  S.  richardsoni  i  ,  S. 

.f-r.gJI.k  ^  '  n.J.-L  anc^  .§_•  t  r  i  deceml  i  neatus  ,  respectively). 

Although  I  have  no  comparable  information  for  the 
trypanosome  strain  (described  as  T_.  otospe  rmoph  i  1  i  ) 
from  S.  beecheyi  in  California,  there  are  at  least  four 
reasons  for  believing  that  it  is  also  a  p  1  as  toxenoderne  . 

1)  S.  beechey i  is  not  geographically  isolated  and  has 
overlapping  distributions  with  S.  beldingi  Merriam, 

—  •  .lateral  is  and  S_.  mohavens  i  s  Merriam.  These  latter 
three  species  also  have  overlapping  distributions  with 
one  or  more  other  North  American  ground  squirrels,  thus 
providing  a  continuum  with  the  five  species  of  ground 
squirrels  I  worked  with  in  Alberta.  This  would  (in  theory, 
at  least)  provide  opportunities  for  natural  cross  trans¬ 
mission.  2)  Even  though  S_.  undulatus  in  North  America 
is  geographically  isolated  from  all  other  North  American 
species,  the  trypanosomes  present  in  S_.  undulatus  are 
very  similar  to  those  from  S_.  co  1  umb  i  an  u  s  and  S.  rich- 
a  r  ds  on i  i  as  regards  size  and  types  of  infection  pro¬ 
duced  (experimentally).  In  contrast,  the  S_.  f  ran  k  1  ini  i 
and  S.  tri deceml i neatus  trypanosome  strains  are  differ¬ 
ent  (in  ways  previously  described)  from  one  another  as 
well  as  from  the  .  co  1  umb  i  an  us  and  S_ .  ri  chardsoni  1 
strains,  even  though  one  or  more  of  the  host  species 
have  overlapping  ranges.  3)  Similarly  to  my  work, 

Bozhenko  (1927)  and  Galuzo  and  Novinskaya  (1968)  deter- 


i 

* 

. 

- 


mined  (on  the  basis  of  complete  cross  transmission) 
that  there  s  only  one  species  of  trypanosome  (T. 
S£errnoph_m  )  present  in  Eurasian  ground  squirrels. 

M  Trypanosomes  from  S_.  bee  chey  i  are  identical  in  mor¬ 
phology  to  all  other  ground  squirrel  trypanosomes  as 
well  as  being  similar  in  size  to  the  p  1  as toxenodemes 
from  f  r  a  n  k  1  ini  i  and  S_.  trideceml  ineatus. 

As  a  result  of  the  foregoing  I  believe  there  is 
strong  evidence  to  suggest  that  only  one  species  of 
trypanosome  (T_.  ot  os  pe  r  moph  i  1  ?  )  is  present  in  ground 
squirrels  of  the  genus  Spermophi lus  in  North  America. 

It  is  probable  that  T_ .  ot  os  pe  rmoph  i  1  i  and  T_.  s  pe  rmoph  i  1  ? 
are  the  same  species  based  on  my  work,  the  cross  trans¬ 
mission  experiments  of  Bozhenko  (1927)  and  Galuzo  and 
Novinskaya  (1968),  and  the  fact  that  S_.  un  du  1  a  t  us  has 
a  Hoi  a  ret i c  distribution  which  overlaps  with  the  distri¬ 
butions  of  other  species  of  ground  squirrels  in  south - 
central  Asia.  However,  until  more  conclusive  evidence 
is  obtained  the  two  species  should  remain  separate. 

A  revised  description  of  T_.  otospe  rmoph  i  1  i  (using 
mensural  data  from  the  literature  as  well  as  my  own), 
its  synonyms  and  recorded  hosts  are  given  below. 

T  rypanosoma  (He  rpetosoma)  otospermophi  1  i  (Wellman  an 
Wherry,  1910)  Lave  ran,  1911 

SYNONYMS :  T  rypanosoma  c i t  e 1  1 i  Watson  and  Had wen,  1912; 
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i owe  n  s  i  s 


I-  h i xs  o  n  i  Becker  and  Roudabush,  1934;  T. 

Becker  and  Roudabush,  1934. 

DESCRIPTION:  Characters  as  for  the  genus,  in  addition  to 
being  j_ew  i  s  i  -  1  i  ke  (i.e.  resembling  the  t  ry  pomas  t  i  gote 
stage  of  T.  jew  i  s  i_)  in  general  appearance;  body  measure¬ 
ments  very  variable  depending  upon  host  sex  and  species. 
Total  length  25.2-55.0  ym  (mean  39.4  ym)  ;  width  at  widest 
point  (not  including  undulating  membrane)  1. 5-4.0  ym 
(mean  2.4  ym)  ;  posterior  end  of  body  to  kinetoplast 
1.5-7. 5  ym  (mean  3.9  ym)  ;  kinetoplast  to  middle  of  nucleus 

8.3- 21.0  ym  (mean  13.4  ym);  middle  of  nucleus  to  anterior 
end  of  body  6.0-21.0  ym  (mean  10.9  ym);  length  of  free 
flagellum  6.0-24.0  ym  (mean  11.1  ym);  nucleus  length 

2. 4- 6.0  ym  (mean  3.2  ym)  .  Kinetoplast  round  to  triangu¬ 
lar,  occupying  entire  body  width;  nucleus  elongate  ovoid 
with  long  axis  oriented  parallel  to  body  length,  not 
usually  occupying  entire  body  width.  Kinetoplast  and 
nucleus  stain  medium  to  deep  purple  with  Giemsa  or  Wright1 
blood  stains  while  body  cytoplasm  stains  pale  blue  or 
pale  violet. 


RECORDED  HOSTS:  Spe  rmoph  i  1  us  b  e  e  c  h  e  y  i  ,  S_.  col  umb  i  anus  , 

—  ’  f  r  a  n  k  1  i  n  i  i  ,  S_.  richardsoni  i  ,  S_.  t  ri  deceml  i  neatus  , 

S_.  undulatus  p  1  e  s  i  us  .  In  addition,  S_.  lateralis  has  been 


experimentally  infected. 
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Table  8.  Comparison  of  trypanosome  size  (in  my)  among  all  natural  and  experimental  (induced  by  trypanosome 
strains  from  two  different  species  of  ground  squirrels)  infections  in  S.  tridecemlineatus . 
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Table  9a.  Comparison  of  trypanosome  size  (in  my)  between  naturally  and  experimentally  (induced  with 
trypanosome  strain  from  S.  richardsonii)  infected  S.  franklinii. 
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Table  9b.  Comparison  of  trypanosome  size  (in  mp)  between  naturally  and  experimentally  (induced  with 
trypanosome  strain  from  S.  richardsonii)  infected  S.  richardsonii . 
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Table  10a.  Comparison  of  trypanosome  size  (in  my)  between  naturally  infected  males  and  females  of 
S.  columbianus. 
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Table  10b.  Comparison  of  trypanosome  size  (in  my)  between  naturally  infected  males  and  females  of 
S.  franklinii. 
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Table  10c.  Comparison  of  trypanosome  size  (in  my)  between  naturally  infected  males  and  females  of 
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Table  lOd.  Comparison  of  trypanosome  size  (in  my)  between  naturally  infected  males  and  females  of 
S.  undulatus. 
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Table  lib.  Comparison  of  trypanosome  size  (in  my)  between  males  and  females  of  S.  lateralis  experimentally 
infected  with  the  trypanosome  strain  from  S.  richardsonii . 
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Table  lid.  Comparison  of  trypanosome  size  (in  my)  between  males  and  females  of  S.  undulatus  experimentally 
infected  with  the  trypanosome  strain  from  S.  richardsonii . 


107 


CO 

4-1 

cu 

co 

4J 

p 

ctf 

O 

•H 

M-l 

•H 

P 

00 

•H 

to 

I 

p 

o 

s 


0) 

00 

p 

rtf 


•H 


O 


> 

CJ> 

w 

CO 

Q 

CO 

P 

rtf 

a) 

S 


H 

£5 


Pd 


4-J 

CO  X 

o  <u 

ffi  CO 


4-1 


p 

(U 


0 


a) 

}-i 

P 


CO 


ctf 

<U 

v— < 
r^H 


o  o 

o  o 

o  o 

O  O 

o  o 

o  o 

o  o 

o  av 

<f-  co 

vo  m 

CO  a\ 

h-  in 

vo  vo 

00  o 

UO 

tH  i — 1 

’ — 1  i — 1 

rH  CM 

m  o 

o  o 

o  o 

o  o 

o  o 

o  in 

O  U0 

vo 

CM  CO 

cm 

O  VO 

vo  vO 

CO 

cm 

co  h- 

rH  rH 

1 — 1 

m  co 

Ov  O 

rH  i — ! 

O  VO 

r-^  n- 

o 

r^. 

CO 

rH 

CM  rH 

< - 1 

CM  i— 1 

rH  rH 

rH  i — 1 

co  Ln 

rH  O 

rH  CM 

CM 

i — 1  CNJ 

rH  CM 

O  CO 

o  o 

o  o 

o  o 

O  O 

rH  O 

o  o 

rH  O 

CO  CO 

uo  o 

oo  in 

m  o 

CO  00 

n-  uo 

UO  UO 

CM  rH 

o  o 

o  o 

rH  rH 

CM  rH 

o  o 

CM  CM 

CO  o 

r>.  o 

00  VO 

M"  CO 

in  co 

rH  rH 

vD  00 

•  • 

CM  CO 

co 

in 

o  o 

U0 

<t  <1- 

1 — 1  i — 1 

rH  i — 1 

i — 1  rH 

UO  CO 

m  vo 

m  vo 

m  vo 

vo  m 

uo  VO 

vo  m 

n- 

C"- 

r-'- 

rH  rH 

i — 1  rH 

rH  i — 1 

i— 1  rH 

rH  rH 

1 — 1  rH 

rH  rH 

b  a+ 

b  Of 

b  o+ 

b  o+ 

o+  b 

b  Of 

Of  b 

0 

P 

CO 

rH 

& 

p 

rH 

4-4 

rC 

cu 

(U 

00 

4J 

yd 

g 

< 

rH 

00 

p 

03 

i 

o 

ctf 

d) 

i 

1 

p 

1 — 1 

►J 

PH 

yd 

y— 4 

J3 

- 

Table  lie.  Comparison  of  trypanosome  size  (in  my)  between  male  and  female  white  rats  experimentally 
infected  with  T.  lewisi.  7 


108 


w 

4-J 

o 

CO 

•u 

6 

CCS 

o 

•H 

•H 

a 

00 

•H 

CO 

I 

a 

o 

£5 


aj 

00 

6 

cd 

ey 


CO 

o 


Hi 

51.0 

48.0 

6.0 

4.0 

12.0 

7.0 

18.0 

19.5 

13.0 

12.0 

o  in 

•  • 

in  -<t 

o 

LO  o 

•  • 

o  o 

o  lo 

in  o 

o  o 

o  o 

vA 

22 

36 

CM  CM 

CM  vj- 

r~v  cm 

rH 

CO  M0 

CM  CO 

c.v. 

rH  CO 

i — 1 

25 

16 

44 

12 

CM  O 
rH  rH 

21 

17 

19 

15 

w 

in  r^. 

•  • 

1 — 1  rH 

CM  CM 

CM  <}• 

CM  <t 

i — 1  i — 1 

• 

CO 

o  o 

o  o 

O  O 

O  O 

o  o 

o  o 

• 

Q 

in  cm 

•  • 

.8 

.5 

cr\  r-v 

r-v  vo 

O  M0 

r-v  vo 

• 

CO 

CO 

o  o 

>H  O 

rH  rH 

CM  rH 

o  o 

fi 

cd 

00  <+■ 

CM  CM 

CO  00 

n  ro 

Ml-  m 

fv  a\ 

0) 

S 

cn  cm 
co 

CO  co 

<j-  m 

mo 

■H  rH 

CT\ 

CO  CO 

NT 

o  o 

00  CM 

O  O 

00  CM 

o  o 

00  CM 

o  o 

CO  CM 

80 

20 

o  o 

00  CM 

NH 

CNj  rH 

CM  i — 1 

CM  rH 

CM  t — 1 

CM  iH 

CM  rH 

X 

a) 

o+  *b 

o+  b 

0+  *o 

o+  *o 

cm- 

CM-  b 

CO 


4J 

C 

QJ 

e 

aj 

p 

3 

CO 

CVJ 

a) 

v---< 


rC 

4-J 

00 

4-1 

< 

w 

£ 

<D 

rH 

£ 

X> 

1 

O 

a; 

1 

1 

d 

.-i 

Pm 

u, 

s — ' 

Flagellum  a  1  20  10.8  2.4  0.5  22  6.0  16.5 

^  2  80  11.5  2.3  0.3  20  7.0  22.0 


* 
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Table  17a.  Comparison  of  trypanosome  size  (in  my)  among  the  three  stages  of  infection  in  S.  columbianus 
experimentally  infected  with  the  strain  from  S.  richardsonii . 
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Comparison  of  trypanosome  size  (in  my)  among  the  two  stages  of  infection  in  S.  lateralis 
experimentally  infected  with  the  strain  from  S.  richardsonii . 
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Table  17d.  Comparison  of  trypanosome  size  (in  my)  among  the  three  stages  of  infection  in  S_.  richardsonii 
experimentally  infected  with  the  strain  from  S.  richardsonii. 
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Table  17e.  Comparison  of  trypanosome  size  (in  my)  among  the  three  stages  of  infection  in  S.  tridecem- 
lineatus  experimentally  infected  with  the  strain  from  S.  richardsonii . 
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Table  17g.  Comparison  of  trypanosome  size  (in  my)  among  the  three  stages  of  T.  lewisi  infection  in 
experimentally  infected  white  rats. 
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lable  17h .  Comparison  of  trypanosome  size  (in  my)  between  the  two  stages  of  T.  musculi  infection  in 
experimentally  infected  white  mice.  ~  - 
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Table  18.  Correlation  coefficients  among  the  seven  trypanosome  body 
measurements  for  the  five  naturally  infected  species  of 
ground  squirrels. 


Species 

Measurement  regions 

L 

W 

P-K 

K-MN 

MN-A 

N  F 

S.  columbianus 

L 

W 

0.07 

— 

NH:  8 

P-K 

0.28* 

CT\ 

o 

o 

i 

— 

NT:  69 

K-MN 

0.43* 

-0.00 

-0.04 

— 

MN-A 

0.49* 

0.25* 

0.15 

-0.12 

— 

N 

-0.22 

0.07 

-0.21 

0.18 

-0.23 

- - 

F 

0.40* 

-0.12 

i — i 

CN 

O 

1 

0.06 

-0.40* 

o 

• 

o 

1 

S.  franklinii 

L 

— 

W 

-0.27 

— 

NH:3 

P-K 

0.61* 

-0.32 

— 

NT:  24 

K-MN 

0.54* 

-0.38 

0.63* 

— 

MN-A 

-0.18 

0.03 

-0.24 

-0.33 

— 

N 

-0.04 

0.11 

-0.08 

0.02 

-0.14 

- — 

F 

0.41* 

0.15 

-0.16 

-0.30 

-0.47* 

0.07  — 

S.  richardsonii 

L 

— 

W 

-0.12 

— 

NH:  37 

P-K 

0.20* 

-0.11 

— 

NT : 11 7 

K-MN 

0.23* 

0.12 

-0.20* 

— 

MN-A 

0.36* 

0.11 

0.09 

-0.03 

— 

N 

-0.01 

0.08 

-0.03 

0.25* 

-0.12 

— 

F 

0.47* 

-0.22* 

-0.15 

-0.13 

-0.53* 

-0.00  — 

S.  tridecem- 

lineatus 

L 

— 

W 

-0.50 

— 

NH:  3 

P-K 

-0.03 

0.02 

— 

NT:  15 

K-MN 

0.39 

-0.41 

-0.21 

— 

MN-A 

0.09 

-0.10 

0.21 

-0.28 

— 

N 

0.21 

-0.49 

0.28 

0.26 

0.17 

— 

F 

0.52* 

-0.09 

-0.33 

0.02 

-0.63* 

-0.19  — 

S.  undulatus 

L 

— 

W 

0.03 

— 

NH :  12 

P-K 

0.25 

0.18 

— 

NT:  62 

K-MN 

0.63* 

-0.15 

-0.14 

— 

MN-A 

0.36* 

0.26* 

0.23 

0.08 

— 

N 

0.12 

0.04 

0.14 

0.32* 

0.06 

— 

F 

0.65* 

-0.15 

-0.14 

0.35* 

-0.37* 

-0.08  — 

^Significant  at  p  =  0.05. 
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lable  19.  Correlation  coefficients  among  the  seven  trypanosome  body 
measurements  for  the  six  species  of  ground  squirrels 
experimentally  infected  with  inoculum  from  S.  richardsonii . 


Measurement  regions 


Species 

L 

W 

P-K 

K-MN 

MN-A 

S.  columbianus 

L 

W 

0,25* 

— 

NH:  8 

P-K 

0.32* 

0.03 

— 

NT:  83 

K-MN 

0.38* 

0.21 

-0.18 

— 

MN-A 

0.28* 

0.25* 

0.25* 

-0.22* 

— 

N 

-0.21 

-0.03 

-0.08 

0.10 

-0.22 

F 

0.64* 

-0.02 

-0.04 

0.05 

-0.34* 

S.  franklinii 

L 

— 

W 

0.01 

— 

NH:  3 

P-K 

0.13 

0.09 

— 

NT  :66 

K-MN 

0.32* 

0.11 

-0.07 

— 

MN-A 

0.14 

-0.15 

0.07 

-0.38* 

— 

N 

0.17 

0.26* 

0.17 

0.19 

0.05 

F 

0.64* 

0.00 

-0.16 

0.11 

-0.45* 

S.  lateralis 

L 

— 

W 

0.05 

— 

NH:5 

P-K 

0.31* 

-0.11 

— 

NT: 160 

K-MN 

0.41* 

0.10 

0.11 

— 

MN-A 

0.41* 

0.10 

0.18* 

-0.14 

— 

N 

0.13 

0.07 

0.01 

0.22* 

0.09 

F 

0.51* 

-0.06 

-0.15 

0.04 

-0.40* 

S.  richardsonii 

L 

— 

W 

0.09 

— 

NH:  9 

P-K 

0.36* 

0.09 

— 

NT:  227 

K-MN 

0.50* 

-0.01 

0.03 

— 

MN-A 

0.22* 

0.12 

-0.00 

-0.17* 

— 

N 

0.08 

0.13 

-0.01 

0.22* 

-0.02 

F 

0.48* 

-0.04 

0.03 

0.12 

-0.59* 

S.  tridecem- 

lineatus 

L 

— 

W 

-0.10 

— 

NH :  3 

P-K 

0.17 

0.10 

— 

NT:  67 

K-MN 

0.55* 

-0.07 

0.12 

— —  “ 

MN-A 

0.21 

0.08 

-0.10 

-0.09 

~~~* 

N 

0.07 

-0.05 

0.06 

0.29* 

-0.05 

F 

0.54* 

-0.16 

-0.20 

0 . 06 

-0.48* 

N  F 


-0.13  — 


0.08  — 


-0.05  — 


-0.01  — 


-0.07 


■-* 

■ 

* 
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Table  19.  (continued) 


Measurement  regions 


Species 

L 

W 

P-K 

K-MN 

MN-A 

N 

F 

undulatus 

L 

W 

0.00 

— 

NH:  2 

P-K 

0.04 

0.21 

— 

NT:  81 

K-MN 

0.37* 

-0.02 

-0.12 

— 

MN-A 

0.14 

0.12 

0.05 

i 

o 

• 

K> 

* 

— 

N 

0.24* 

-0.03 

0.25* 

0.22 

0.17 

— 

F 

0.57* 

-0.15 

-0.24* 

-0.04 

-0.49* 

-0.13 

— 

‘^Significant  at  p  =  0.05. 


' 

Table  20.  Correlation  coefficients  among  the  seven  trypanosome  body 
measurements  for  white  rats  and  white  mice  experimentally 
infected  with  _T ,  lewisi  and  musculi ,  respectively. 


Measurement  regions 

Species 

L 

W 

P-K  K-MN  MN-A 

N 

F 

T.  lewis i 

L 

— 

W 

0.36* 

— 

NH:3 

P-K 

0.51* 

0.51* 

— 

NT  :100 

K-MN 

0.68* 

0.05 

0.11 

— 

MN-A 

0.53* 

0.10 

0.08 

0.37* 

— 

N 

0.17 

0.07 

0.04 

0.20 

0.29* 

— 

F 

0.50* 

0.15 

0.01 

0.10 

-0.18 

-0.10 

— 

T.  musculi 

L 

— 

W 

0.21* 

— 

NHilO 

P-K 

0.66* 

0.38* 

— 

NT: 146 

K-MN 

0.04 

-0.34* 

-0.42* 

— 

MN-A 

0.59* 

0.24* 

0.33* 

-0.17* 

— 

N 

-0.11 

-0.01 

0.02 

0.03 

-0.17* 

— 

F 

0.46* 

-0.07 

0.04 

0.07 

-0.23* 

-0.06 

^Significant  at  p  =  0.05. 
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